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Ldical Aspects of 


A Method of Study 


W. BURTON AYRE, M.D. 
and 
J. F. HOPKIRK, M.D., Montreal, Canada 


Since 1950, a key-sort system has been ap- 
plied to the study of the medical and safety 
aspects of our industrial accidents. During 
the years 1951 and 1952, data on 29,591 
accidents were accumulated. In accordance 
with the principle that major accidents usu- 
ally develop in the same situations as those 
which are minor, employees were encouraged 
to report every injury to the plant first aid. 
Treatment was administered here, or, de- 


Medical Director (Dr. Ayre) and Assistant 
Medical Director (Dr. Hopkirk), Canadian Car & 
Foundry Company, Limited. 


pending upon the seriousness of injury, the 
patient was referred to the attention of one 
of the Company physicians at our Central 
Medical Clinic, to a hospital clinic, or to his 
private physician. 

In each case, a Medical Accident Record 
Card (M. A. 


nurse, or first-aid attendant, who recorded 


Rk. C.) was initiated by the 


details regarding the injured employee, the 
type of injury, and the part of the body in- 
volved. 

The M. A. R. C. is designed as illustrated 
in the Figure. On the front of the card, the 
following data are recorded: 

(a) Description of Employee: Name, identifica- 
number, age, marital 
time worked in occupation. Whether employee 
has been late in reporting his accident or 
failed to wear protective equipment is noted. 


tion sex, status, and 


Following the review of his personal record, 
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INDUSTRIAL HEALTH 


Industrial Accident Analysis 


Head 
Chest-Ribs 
Abdomen 
Back 
Perineum 
Eye 
Finger 
Hand 
Wrist 
Forearm 
Elbow 
Arm 
Shoulder 
Axilla 
Pelvis 
Thigh 
Knee 

Leg 
Ankle 
Foot 
Groin 
Buttock 
Others 


Total 


“4 
234 236 (2) 584(10) 52 22 4 279(5) 3 2 
3 1 90(4) 3 2(1) 23 56(1) 2(1) 
6 35(1)X 7 23 18 
17 are A 75(9) 3 1 30 250(25) 15(1) 1 
44 38(2)(1) 125(6) (1) 7(1) 5024(3) 866(17) 3(2) 687(4) oa ae 
5728 1806(11)(4)  1386(8)(1) 224(7) 1747(1) 552(2) 52(1) 32 5 
1041(2) 354 271(4) (1) 132(3) 432 1 424 (2) 16 8 1 
138 71(8) 53(3) 10(1) 7 = 178(1) 80(1) 67(1) 5(2) 
145 93(1) (2) 52(1) 18 15 2 240 13 2 2(1) 
52(1) 19 139(2) 3(1) 10 7 24(2) 4 4 
124(1) 58 73 17 10 1 147(1) 30 2 * 
16 4 43(1) 2 24 46(2) 12(1) 
17 57(2) 8 3 32 9(1) 
53(1) 11 237(5) 20(2) 3 33(1) 41(1) 1101) 3(2) 
224(6) 29(1) 440(15) 16(1) 1 62(1) 16(2) 1 
14 ee 64(7) 4 1 39(1) 18(1) 111(14) 
29 13(3) 368(24) (1) 67(2) 17 91(3) 17(1) 27(1) 
2(1) 6 26(1) 4 
3 2 10(3) 5 1 
5 3 


7881(11) 2746(23)(8) 4128(104)(5)X 593(17)(1) 5024(3) 3137(19) 11(2) 2898 (23) 696(36)(1) 296(20) 17(5) 


The first figure in a column indicates the total number of injuries. A figure in parenthesis following this indicates the number 
of these injuries which occasioned lost time but no permanent disability. A second figure in parenthesis following the first such 
figure indicates the number of injuries in this group which resulted in permanent disability, with or without lost time. To ealeu- 
late the total number of disabling injuries in any group, add the two figures in parentheses. Subtract this number from the total 


number of injuries to obtain the number of no-lost-time injuries. 


(b) 


(c 


the number of previous lost-time accidents 
in which he has been involved are also 
recorded. 

The Canadian Car & Foundry Company, 
Limited, had four plants in the Montreal area 
during the years 1951 and 1952: two railway 
car building shops, each employing about 
2000 men; a machine shop, employing 500 to 
700 men, and the foundry, employing 1200 
to 1500 men. 

The total man-hours worked in the four 
plants during 1951 were 10,466,581 and dur- 
ing 1952, 11,870,125. 

Each plant had a first-aid treatment room 
staffed by nurses or trained first-aid attend- 
ants. In addition, the Company operates a 
Central Medical Clinic, staffed by two physi- 
cians—a full-time Medical Director and a 
part-time Assistant, nursing personnel, an 
x-ray technician, a physical therapist, and a 
social service worker. 

Time of the Accident: Day of the month, 
day of the week, actual time of day, and 
number of hours on duty. 


Medical Records: Type of injury, the part 
affected, and the disposal of the patient— 


whether returned te work, advised to rest at 
home, or referred to hospital clinic for con- 
sultation. 

Space is provided to record separately any 
accident cases which are complicated by 
infection. 

Cases which are treated by physical therapy 
are also separately indicated. 

The seriousness of the injury is usually 
shown by the final classification of the acci- 
dent, according to lost time, partial or total 
permanent disability. 


(d) Safety Data: These are recorded by the 
safety department. 
(e) Accident Cost: Where compensation or 


medical treatment outside the Company Medi- ' 
cal Clinic is involved, costs are summarized 

by the compensation department when the 

accident file is closed. 


Punch holes A, B, and C are made avail- 
able for any research project. Recently, they 
have been used to record lost-time accidents 
in which factors other than the actual serious- 
ness of the injury appear to play a part, such 
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MEDICAL ASPECTS OF INDUSTRIAL ACCIDENTS 


(Type of Injury, Part Involved) 


6(4) (1) 6 ee eee ee 13 1441 21 1 Head 
11(3) 1 1 1 194 10 Chest-Ribs 
3(2)(1) 1 396 37 1 Back 
4 ... « Perineum 
1558(1) 31(4) 15(1) 8,398 39 4 Eye 
91(25)(7) 14(14) 8(1) 4 40 11,689 55 Finger 
ee 21(1) 1 12(1) 2,718 15 2 Hand 
5(2)(2) ee 6 6 626 14 2 Wrist 
15 5 604 4 3 Forearm 
13(3) 1(1) 2 4 276 ll Elbow 
1(1) 31(2) 2 496 Arm 
1(1) 1 ee os 149 5 Shoulder 
see ee 2 Axilla 
ee 1 135 .. Thigh 
12(2) 5(2)(2) 1 ea os 1 es 3 434 17 2 Knee 
5(3)(2) as 3 1 1 799 28 3 Leg 
8(5)(3) ne es ees ee 1 260 28 3 Ankle 
70(44) (5) 2(1) 1(1) 7 1 4 707 78 8 Foot 
11(11) 1 46 13 Groin 
1 22 3 Buttock 
167(4)(2) 803) 301) 2 Others 
25(5) 15(15) 994) 14 1558(1) 167(4)(2) =8(3) 117(2)Q) 29,691 39 60 


For example: 


214(96)(26) 5€1)(1) 


things as lost time due to lack of availability 
of light work or lost time due to lack of mo- 
tivation on the part of the injured employee. 
In this 
play a definite role, such as age, resentment, 


latter classification various factors 
associated nonindustrial conditions, and the 
relation of the accident in time—to week ends 
or holidays. 

The reverse side of the M. A. R. C. pro- 
vides space for the remarks of the nurse or 
first-aid attendant regarding the nature of the 
injury, the immediate treatment, and the dis- 
posal. A short description of the accident by 
the employee and the safety inspector’s re- 
marks after investigation of the accident are 
also included. 

The use of the M. A. R. C. makes possible 
the ready analysis of industrial accidents 
from the medical point of view. One can 
readily determine the frequency with which 
a given part of the body may be affected in 
industrial accidents and the type of injury. 


70 (44) (5) for fractures involving the foot indicates that there were 70 fractures of the bones of the foot; 44 
_ of this total number resulted in lost time, and 5 of the total number resulted in a permanent disability. The total number of 
mt disabling injuries, therefore, is 49, and the total number of fractures in which there was no lost time is 21. 

An accident is classed as “lost time’’ if the injured workman misses one complete shift. 

Permanent disability awards were determined by the Quebee Workmen's Compensation Commission. 


These factors may be correlated with data 
regarding the time of the accident, the age 
of the employee, and his experience in the 
occupation. For a given part of the body, it 
is then possible to readily determine the inci- 
dence index (the frequency with which it is 
injured) and the disability index (lost time 
or permanent incapacity resulting) for any 
particular industry. 

Types of injury and numerical frequency 
in different parts involved are recorded in 
the Table. 
evident that injuries to the fingers and hand 


In ours, as in other series, it is 


are commonest. Injuries to the toes and foot 
are less common, but analysis shows that 
from the point of view of disability in our 
industry injuries to the toes and foot are by 
far the most important. Including all acci- 
dents, no matter how slight, at least 1 acci- 
dent in every 10 in which the toes or foot are 
involved is a lost-time accident. 


It is inter- 
esting to note that fractures of the clavicle, 
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fairly common in nonindustrial accidents, are 
virtually unknown in industry. 

The classification of accidents and the eval- 
uation of their seriousness in this manner 
make possible a rational approach to treat- 
ment and prevention. In relation to treat- 
ment, the data are of value in orientating the 
Medical Adviser to a ready assessment of the 
seriousness of the injury, the amount of lost 
time to be expected, and the eventual prog- 
nosis. For example, a study of accidents in- 
volving the foot and toes indicates that, when 
a severe contusion causes sufficient injury to 
occasion lost time, in the average case the 
length of lost time seldom exceeds 10 to 12 
days. When disability from what appears to 
be a simple contusion exceeds this period of 
time, further study is therefore indicated to 
eliminate the possibility of some type of bone 
damage or, although these are rare in indus- 
trial accidents, the occurrence of neurovas- 
cular complications. 


The over-all picture of the accidents in a 
given industry which this method of study 
affords can also be readily applied in deter- 
mining policy of treatment for a particular 
type of injury. Questions which often arise, 
in which the Medical Adviser must express 
an opinion, such as the following, can readily 
be assessed: Is the incidence and seriousness 
of dermatitis in our industry significant 
enough to advise the use on a large scale of 
barrier creams? Or, is the incidence and seri- 
ousness of back injury in our industry sig- 
nificant enough to warrant having preemploy- 
ment x-rays of the spine on all new em- 
ployees? Objective data bearing on these 
questions may be readily obtained from the 
M. A. R. C. file. 


INDUSTRIAL HEALTH 


COMMENT 


Statistics on the medical features of indus- 
trial accidents which this method of study 
makes available can assist in many phases of 
the industrial safety program. For example, 
they serve to indicate where there is need for 
greater emphasis on the use of safety equip- 
ment and protective devices. From examina- 
tion of the figures for eye injuries in the 
Table, it seems readily apparent that an ap- 
preciable proportion of these accidents could 
have been eliminated if safety goggles and 
other protective devices, which are provided 
for the employee, were properly used. 
Thoughtlessness on the part of the employee, 
resulting in failure to use this protective 
equipment, is responsible for the injury in- 
curred in many instances. Greater care could 
eliminate a large number of these disabling 
accidents. An important feature of the safety 
program is now directed toward the educa- 
tion of the employee, emphasizing the need 
for continual caution and constant use of de- 
vices for eye protection. The greatest prob- 
lem in attaining the ideal objective in the 
prevention of such accidents is the educa- 
tion and training of new and inexperienced 
personnel. 

It is obvious that an accident-analysis sys- 
tem of this kind can function only when there 
is close cooperation among the industrial 
physician, the safety engineer, and the com- 
pensation officer. The personnel of each of 
their departments must play an essential role. 
One of the substantial benefits derived from 
operation of the system, therefore, is that it 
concentrates and channels the cooperative ef- 
fort of these various departments in accident 
prevention and in the therapy and rehabilita- 
tion of injured employees. 
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Report of a Case with Recovery 


O. M. HEIBERG, M.D., Worthington, Minn. 
and 
HAROLD N. WRIGHT, Ph.D., Minneapolis 


Senzene hexachloride has been in use as 
an insecticide under a variety of trade names 
for a number of years. Commercial prepara- 
different isomers, of 
which the gamma isomer (lindane) usually 


constitutes 10%-12% 


tions contain several 


and is several times 
more toxic than other isomers.* Benzene 
hexachloride is used against the same groups 
of insects for which D. D. T. is effective and 
is more toxic acutely than D. D. T. both 
against insects and against mammals. 

The following is a report of a case of acute 
poisoning in a farmer’s wife, with recovery. 


REPORT OF CASE 


Mrs. A. P., a 35-year-old farmer's wife, was first 
seen in the emergency room of the Worthington 
Municipal Hospital at 4 a. m. on Feb. 19, 1954. 
She complained of a burning sensation in her throat 
and chest since the previous evening and of palpita- 
tion on the way to the hospital. While being ex- 
amined in the emergency room, the patient had a 
convulsion which lasted about two minutes. 

The patient's husband stated that two days previ- 
ously, between 2 and 4 p. m., she had helped him 
treat calves with a benzene hexachloride insecticide. 
The patient and her husband had “washed” the 
calves, using rags soaked with the insecticide solu- 
tion. No protection was used, and the hands and 
arms were wet to above the elbows, and the cloth- 
ing was partially soaked. About 12 hours after the 
“washing,” two of the calves had convulsions and 
died; a third became blind. 

The following afternoon the patient helped her 
husband spray cattle in a barn. No precautions were 

From the Worthington Clinic and the Depart- 
ment of Pharmacology, University of Minnesota 
Medical School. 


* References 1 and 2. 
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taken to ventilate the building. She inhaled some 
of the fumes, and her hands were wet with the 
insecticide solution. She became ill the same evening. 

The patient’s past medical history was essentially 
negative. An appendectomy had been performed at 
the age of 24. There was no previous history of 
convulsions. The general physical and neurological 
examinations were normal except for the laceration 
of the tongue, apparently caused by the convulsion. 
The blood pressure was 110/74. The ECG showed 
a rate of 65, with regular sinus rhythm. The P 
waves, P-R intervals, QRS complexes, T waves, 
and ST segments were normal. Left axis deviation 
was present. The hemoglobin was 13.4 gm.; ery- 
throcytes, 4,550,000; leucocytes, 12,200, with neutro- 
philes 77%, lymphocytes, 27%, eosinophiles 1%, 
and monocytes 5%. 

Immediately after the convulsion, phenobarbital 
sodium, 0.2 gm. (3 grains), was given hypoderm- 
ically. This was followed by calcium gluconate, 1.0 
gm. (15 grains), intravenously. The patient obtained 
relief from palpitation and partial relief of the burn- 
ing sensation in the chest. 

The patient was placed on a high carbohydrate, 
high protein, high vitamin, low fat diet. Pheno- 
barbital, 30 mg. (% grain), was prescribed four 
times daily. Calcium gluconate, 1 gm. (15 grains), 
was given intravenously on four subsequent occa- 
sions over the next five days for the relief of 
palpitation, burning sensation in the chest, and pre- 
monitory symptoms of an impending convulsion. 

The patient’s subsequent course in the hospital 
was uneventful except for considerable apprehension 
concerning the possibility of further convulsions, 
of death, or of having sustained permanent damage 
from the poison. On Feb. 20, 1954, the serum bili- 
rubin was 0.9 mg. per 100 cc.; the icterus index, 
10.9 units; the BUN, 18.8 mg. per 100 cc. The 
sulfobromophthalein sodium (Bromsulphalein) liver 
function test showed 20% retention in 10 minutes, 
8% retention in 30 minutes. The cephalin-cholesterol 
flocculation test was 1+ after 24 hours and 2+ 
after 48 hours. The fasting blood sugar was 92 mg. 
per 100 ce. There was no visible jaundice. No 
further convulsions occurred. The patient had pho- 
tophobia during the first three or four days, but 
gross tests of vision and ophthalmoscopic exami- 
nation were normal. She was discharged on Feb. 
25, seven days after admission. 

The insecticide preparation 
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Use—Contains 


457 


used 
Agricultural 


Was 


2 
q 
t 
. 


Gamma BHC 1 Pound per Gallon.” + The compo- 
sition, as given on the label, was “Gamma Isomer 


of BHC 11.0%, Other Isomers of BHC 16.0%, 
Aromatic Petroleum Derivatives Solvent 68.0%, 


and Inert Ingredients 5.0%.” The insecticide was 
dispensed from the original container by the veteri- 
narian in unmarked bottles, with verbal instructions 
only for its use. Labels or printed directions for 
use were not furnished to the farmer concerned. 

A 24-hour urine specimen obtained after admis- 
sion (Feb. 19), was analyzed for benzene hexa- 
chloride by the method of Davidow and Woodward 8 
with the use of a Beckman model DU spectropho- 
tometer. Identification and quantitative absorption 
curves were prepared, using BHC isolated from 
a sample of the material responsible for the poison- 
ing. The urine volume was 975 cc. It was found 
to contain 4.95 mg. of BHC per 100 cc., or a total 
of 48.26 mg. of BHC in the entire 24-hour specimen. 

The patient has been examined again recently 
(July 16, 1954). She appeared to be in good physical 
condition. At that time the urine had a specific 
gravity of 1.014 and no albumin, sugar, blood, or 
pus. The hemoglobin was 12.6 gm. (81%) ; erythro- 
cytes, 4,540,000; leucocytes, 4500, with neutrophiles 
41%, lymphocytes 52%, eosinophiles 2%, and large 
monocytes 5%. The icterus index was 8 units; the 
sulfobromophthalein test showed 3% retention at 


+ Manufactured by Thompson-Hayward Chem- 
ical Company, Kansas City, Mo. 
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45 minutes; the cephalin-cholesterol test was 2+. 
The ECG and chest x-ray were normal. 


SUMMARY 


A case of benzene hexachloride poisoning 
is presented, in which a young healthy woman 
suffered apprehension, a burning sensation 
in the throat and chest, palpitation, and a 
convulsion after insecti- 
cide by skin contact and inhalation in a gross 
BHC to the amount of 
4.95 mg. per 100 cc. of urine was excreted 
in the urine the day following admission. 


exposure to an 


misuse of the drug. 


Recovery occurred without evidence of seri- 
ous permanent injury. 
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he Toxicity of Hexachlorocyclopentadiene 


JOSEPH F. TREON, Ph.D. 
FRANK P. CLEVELAND, M.D. 
and 

JOHN CAPPEL, B.S., Cincinnati 


The experiments described in the follow- 
ing paragraphs were undertaken to provide 
a basis for appraising the hazards which may 
be associated with the industrial usage of 
hexachlorocyclopentadiene 


Ci Cl 
| 

c—C 


as an intermediate in the manufacture of cer- 
tain chlorinated insecticides. This compound 
is employed in the Diels-Alder reaction for 
the manufacture of aldrin. Bowen and Hall ' 
report that hexachlorocyclopentadiene is also 
an intermediate in the manufacture of chlor- 
dane. Ingle * has recently ascribed the toxic- 
ity previously associated with the vapors of 
chlordane to the presence of hexachlorocy- 
clopentadiene as an impurity. 


Under standard conditions of pressure 
(760 mm. Hg), hexachlorocyclopentadiene 
boils at 234 C and freezes at 9 to 10 C. The 
vapor pressure is reported to be 0.12 mm. 
at 30 C, 0.41 mm. at 50 C, 1.4 mm. at 70 C, 
and 7.2 mm. at 100 C. From a logarithmic 
plot of these values for vapor pressure 
against values 1000 times the reciprocals of 


From the Kettering Laboratory, Department of 
Preventive Medicine and Industrial Health, Uni- 
versity of Cincinnati College of Medicine. 

This paper was presented at the Fourteenth 
Annual Meeting of the American Industrial Hygiene 
Association, Los Angeles, April 23, 1953. 


the temperature (°K), the vapor pressure 
at 25 C was found by extrapolation to be 
0.080 mm., from which it may be calculated 
that air in equilibrium with the material at 
25 C and 745 mm. of mercury would contain 
1.17 mg. of hexachlorocyclopentadiene per 
liter. Under similar conditions, the concen- 
tration of 1 mg. of hexachlorocyclopenta- 
diene per liter of air is equivalent to 91.49 
ppm by volume. A very faint odor of the 
compound was detected in the respiratory 
chamber by some of those who attempted to 
do so when the compound was present in 
the concentration of 0.0017 mg. per liter 
(0.15 ppm), the lowest employed in these 
experiments. A more pronounced and some- 
what pungent odor was noted when the com- 
pound was present in the concentration of 
0.0036 mg. per liter (0.33 ppm). 

The sample (S. G., 1.702) employed for 
observations on the effects of oral adminis- 
tration and cutaneous contact contained 
93.3% of the active material, while the sam- 
ple employed in observations on the effects 
of inhalation contained 89.5% of hexachloro- 
cyclopentadiene. In all instances, the results 
have been expressed in terms of the impure 
material, rather than in terms of the princi- 
pal ingredient, since they may have derived 
in part from contaminants of unknown 
types and characteristics. Since this material 
is unstable in light (and at temperatures 
above 100 C), it was stored in dark bottles. 
During the process of volatilization of the 
material into the air, the material was also 
kept in the dark. 


EXPERIMENTAL METHODS 


Oral Administration—In the determination of 
the immediate toxicity, a 5.0% V/V _ solution of 
93.3% hexachlorocyclopentadiene in peanut oil was 
introduced in a measured amount from a_hypo- 
dermic syringe through a rubber catheter 12 F. 
inserted through the esophagus into the stomach of 
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each member of several groups of healthy female 
rabbits. The tube was flushed with 4 or 5 ml. of 
water. In the case of rats (Carworth, 6 months 
of age), a blunt 6 cm. 17-gauge hypodermic needle 
filled with the 5% solution was passed through the 
esophagus into the stomach, and the desired amount 
was introduced into the stomach by displacement 
from the syringe. 

Application Upon the Skin—The procedure of 
Draize, Woodard, and Calvery * was employed in 
maintaining a series of dosages of the undiluted 
material in contact with the intact skin of rabbits 
for 24 hours during which the rabbits were con- 
fined in stocks. 

The hair was clipped from an area of skin 6 to 
7 in. wide and completely encircling the trunk of 
each rabbit. The trunk was covered with a sleeve 
of dental rubber dam, which fitted tightly at the 
cephalad and caudad edges of the clipped area and 
loosely over the intervening area. At the end of 
24 hours, the material was removed from the skin 
of any animals that were then alive by washing 
with water and a sulfonated oil, “pH 6.” 


In another experiment to determine the irritant 
properties of the substance, 0.50 ml. of its 10% 
V/V solution in Ultrasene per kilogram of body 
weight was applied upon the intact skin of a 
monkey (M 101) on each of three consecutive 
days. This material, which was applied over an 
area of 8 by 10 cm. of the back from which the 
hair had been clipped, was not removed by wash- 
ing on the first day, but on the second and third 
days the area was washed with a sulfonated oil, 
“pH 6,” after having been in contact with the 
material for two hours. 

To define more closely the concentration that 
produced irritation, several sites of the intact 
abdominal skin of another monkey (M 100) were 
subjected, respectively, to contact with 0.01 ml. 
of a series of V/V solutions of the 93.3% sample 
in Ultrasene, the concentrations being, respectively, 
0.001%, 0.01%, 0.1%, 1.0%, and 10.0%. Each solu- 
tion was spread upon the skin by means of a sepa- 
rate cork. These sites were not washed. Ten days 
later a number of areas of intact skin between the 
shoulders were subjected to contact with a larger 
volume (0.05 ml.) of solutions of the following 
concentrations, respectively, 20%, 40%, 60%, and 
90%. 

In a similar manner, 0.05 ml. of each of a series 
of solutions (40%, 60%, and 90% in Ultrasene) 
was applied upon separate areas of the back of 
one guinea pig (A 915), and a corresponding 
quantity of each of a more dilute series of solu- 
tions (0.01%, 0.1%, and 1.0% in the same solvent) 
was applied in corresponding separate sites on the 
back of another (A 914). These sites were not 
washed. 
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Exposure to the Vapor—In most instances, two 
guinea pigs, five mice, three rabbits, and four rats 
composed the groups of experimental animals that 
were subjected to the inhalation of vapors formed 
by bubbling a stream of air through liquid hexa- 
chlorocyclopentadiene contained in a flat-bottomed 
cylindrical bubbling tower. 

In experiments in which the concentration was 
0.142 mg. or more per liter (13.0 ppm), the liquid 
was maintained in one or, if necessary, two towers 
(2.94 by 13 in.) in parallel. A fritted glass thimble 
(0.94 by 3.75 in.) was immersed in the liquid (600 
ml.) contained in the tower or towers, which were 
kept in a bath of liquid petrolatum (Nujol) main- 
tained at 22 to 25 C or at 52 to 57 C. Air previ- 
ously passed through calcium chloride and char- 
coal streamed through the bubbling towers at the 
rate of 10.0 or 10.8 liters per minute. When two 
towers were used, the streams merged before pass- 
ing into a glass manifold immersed in a cooling 
bath, prior to entering the chamber in which the 
animals were confined. Some 
curred in this manifold. When somewhat lower 
concentrations (0.219 to 0.135 mg. per liter) were 
desired, a subsidiary stream of air (18 to 57 liters 
per minute) 


condensation oc- 


bypassed the bubblers and merged 
with the air-borne hexachlorocyclopentadiene at a 
point about 1.5 ft. from the entrance of the con- 
joined streams into a 283 liter plywood rectangular 
chamber,’ equipped with a fan, through an opening 
near the top of its left side. The effluent from the 
chamber was discharged into a tube leading from 
the center of the right wall and thence into an 
exhausted fume hood. 

In experiments in which the concentration was 
0.0711 mg. or less per liter (6.7 ppm), the animals 
were confined in a 600 liter rectangular plywood 
chamber.5 A stream of air, conditioned with re- 
spect to temperature, dust content, and humidity, 
entered an “Anemostat,” located near the center 
of the top of the chamber, at the rate of 400 or 
640 liters per minute, as measured by an inclined 
manometer attached to a Venturi meter. For the 
volatilization of hexachlorocyclopentadiene, a flat- 
bottomed cylindrical bubbling tower (2.06 by 9 
in.) was employed (Fig. 1), a fritted glass thim- 
ble (0.62 by 2.0 in.) being immersed in 155 ml. 
of the liquid (3.5 in.) contained in it. The tower 
was kept in a bath of Nujol maintained at 26 or 
47 C. This equipment was kept in an enclosed hood 
in order to eliminate any effects from the exposure 
of the liquid to light. Air from a Gast Rotary 
Blast and Suction pump passed first through a 
tower of calcium chloride and charcoal and then 
through the bubbling tower at the rate of 0.7 to 6.7 
liters per minute, as measured by a _ rotameter, 
before merging with the main stream of air (400 
to 640 liters per minute). The combined streams 
traversed a 2 in. tube about 16 in. in length before 
entering the chamber. The effluent air left the 
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!Omm. cell 
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hexachorocyclopentadiene 
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2—Transmission of radiations of wave lengths 230 me to 400 mez by an alcoholic solution 


of 89.5% hexachlorocyclopentadiene. 
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CONCENTRATION OF 895 PERCENT HEXACHLOROCYCLOPENTADIENE 
IN ETHYL ALCOHOL, Y/mI. 


3.—Standardization curves for the determination of atmospheric concentrations of hexa- 


chlorocyclopentadiene. 


chamber at the bottom and rear of the chamber 
and entered a large duct leading to an exhaust 
stack. 

Collection and Analysis of Air Sample—From 
one to four samples of air from the chamber were 
collected daily by passage for 15 to 60 minutes 
through an absorption train at the rate of 7.47 liters 
per minute, as measured by a calibrated rotameter. 
The absorption train consisted of a fritted-glass 
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washing tower, 13 in. high and 2.2 in. in diameter, 
and an impinger of the same size in series, each 
containing 100 ml. of purified ethyl alcohol. 

The alcohol was prepared as follows. About 
1750 ml. of 95% ethyl alcohol -were permitted to 
stand overnight with 10 gm. of pellets of NaOH 
and 7 gm. of aluminum foil (0.003 in.). The mix- 
ture was then refluxed for one-half hour and dis- 
tilled at 78.5 C, the first 20 ml. being rejected. 


TOXICITY OF 

The material so absorbed was determined quan- 
titatively by virtue of its ability to absorb ultra- 
violet radiations of wave length 323 mu# by means 
of the Beckman spectrophotometer. The transmis- 
sion curve of an alcoholic solution containing 164y 
of 89.5% hexachlorocyclopentadiene per milliliter, 
when read against redistilled alcohol in a 10 mm. 
quartz cell from 230 m# to 400 mw#, is shown in 
Figure 2. The upper portion of Figure 3 depicts 
the variation in transmission at 323 ms# of concen- 
trations over the range of 16.47 to 1647 of 89.5% 
hexachlorocyclopentadiene per milliliter when read 
in a 10 mm. quartz cell. The lower portion of 
Figure 3 shows the variation in transmission asso- 
ciated with concentration over the range of 3.3 
to 26.2y per milliliter when read in a 50 mm. cell. 


HEXACHLOROCYCLOPENTADIENE 


The oral administration of the compound 
induced diarrhea, lethargy, and a retarded 
rate of respiration, as the only signs of in- 
toxication. The odor of the compound could 
be detected in the feces of the animals and 
also externally on their bodies as the conse- 
quence of the contamination of the area about 
the anus with feces. 

The rabbits that died exhibited diffuse de- 
generative changes in the brain, heart, liver, 
and adrenal glands. There was degeneration 
and necrosis of the epithelium of the renal 
tubules, and the lungs were severely hyper- 
emic and edematous. Fatally poisoned male 


TABLE 1.—Mortality Among Rabbits and Rats Given an Oral Dose of Hexachlorocyclopentadiene 
(Given as a 5.0% V/V Solution in Peanut Oil) 


Dosage 
Expressed as 
93.3% Hexa- 


No. of Animals That Died/No. Given Dosage 


Length of Survival, Days 
pentadiene, Male Female Female Male Female Female 
Gm/Kg. Rats* Rats* Rabbitst Rats* Rats* Rabbitst 

14 1/1 10/10 eos 1 1-2 

0.94 10/11 9/10 3/3 2-7 1-2 1-2 

0.62 1/3 1-6 1 

0.52 4/9 eos 3-8 

0.42 8 0/3 1-5 

0.34 eee 2-10 

0.28 1/11 0/10 0/3 2 


*Six months of age. 
EXPERIMENTAL RESULTS 

Oral Administration—The data on rab- 
bits, recorded in Table 1, indicate that the 
approximate lethal dose of 93.3% hexachlo- 
rocyclopentadiene, when given in solution in 
peanut oil, lies between 0.42 and 0.62 gm. 
per kilogram of body weight. 

When the material is given to rats 6 
months of age, this value is less than 0.28 
gm. per kilogram for males and greater than 
0.28 gm. per kilogram for females (Table 1). 
The L. D.59 for male rats 6 months of age, 
as determined by the method of Bliss,° is 
0.505 gm. per kilogram within the fiducial 
limits of 0.387 and 0.623 gm. per kilogram 
in 19 out of 20 cases. The equation for the 
curve in which the logarithm of 10 times the 
dose in milligrams per kilogram (X) is 
plotted against the empirical probit (Y) is 


Y = 4.978 X + 1.501 


+ Weight, 1.8 to 2.5 kg. 


and female rats 6 months of age showed dif- 
fuse degeneration of the brain, heart, and 
adrenal glands, diffuse degeneration and ne- 
crosis of the liver and kidney tubules, and 
pulmonary hyperemia and edema. In some 
rats, there was an acute necrotizing gastritis 
in the proximal segment of the stomach. The 
viscera of certain of the animals 
vived and were killed some time after the 
administration of the compound exhibited 
residual degenerative changes in the liver, 
kidney tubules, brain, and adrenal glands. 


that sur- 


The severity of these lesions diminished as 
the interval of survival lengthened, and 
none were discernible after the lapse of suffi- 
cient time. 

Cutaneous Application—The data perti- 
nent to the application of undiluted 93.3% 
hexachlorocyclopentadiene upon the intact 


skin of rabbits according to the 24-hour 
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sleeve technique of Draize and associates are 
given in Table 2. Although it appears that 


2.—Toxicity of 93.3% Hexachlorocyclo- 
pentadiene When Maintained Continuously in 
Contact With the Intact Skin of Female 
Rabbits by the Sleeve Method of 
Draize, Woodard, and Calvery 
(Applied Undiluted) 


Loss Length of 
Dosage of of Weight No. of Survival 
93.3% Hexachloro- Expressed as Animals After 
cyclopentadiene, Percentage That Died/ Material 
aor of Initial No. Given Was Ap- 
Gm/Kg. Ml/Ke. Weight* Dosage plied, Hr. 
6.13 3.60 0.5 1/1 17 
2.13 1.25 3.5 1/1 20 
1.02 0.60 4.0-11.2 2/3 24-48 
0.61 0.36 10.2-20.5 1/3 72 
0.43 0.25 8.6-37.4 0/3 ° 


* Initial weight, 1.9 to 2.7 kg. 


the lethal dosage lies between 0.43 and 0.61 
gm. per kilogram of body weight, one of the 
three rabbits given the lower dosage had 
been losing in weight consistently since the 
day of the application, and it might have 
died had it not been killed at the end of the 
third week thereafter. 

This material was extremely irritating to 
the skin. Even the lowest dosage (0.25 ml. 
per kilogram) induced a purplish-black lo- 
cal discoloration and subcutaneous edema. 
About 12 days later, the skin was hard, en- 
crusted, and fissured. This local damage 
varied in severity and extent with the size 
of the dose applied. 

The lesions in the viscera of rabbits that 
died after application of the compound upon 
their skin were similar to those associated 
with oral administration. There were diffuse 
degenerative changes in the brain, heart, and 
adrenal glands, diffuse degeneration and ne- 
crosis of the liver cells and kidney tubules, 
and pulmonary hyperemia and edema. Two 
rabbits that died 17 and 20 hours, respec- 
tively, after having been given the two high- 
est doses showed severe discoloration of the 
skin, and two others that died on the second 
and third days, respectively, after contact 
with smaller amounts exhibited acute dif- 
fuse inflammation, focal ulceration, and focal 
crusting of the skin. The brains, livers, kid- 
neys, and adrenal glands of six rabbits that 
survived and were killed 7 to 21 days after 
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the application of the compound on their 
skin had undergone degenerative changes 
which still persisted. The skin from these 
animals showed acanthosis, hyperkeratosis, 
epilation, and chronic inflammation. 

When 0.05 ml. of a 10% V/V solution 
of 93.3% hexachlorocyclopentadiene in UI- 
trasene per kilogram of body weight was 
applied upon the back of a monkey (M 101) 
on each of three consecutive days, the skin 
became severely irritated and necrotic. Al- 
though applied originally upon a small area, 
the material spread over most of the back 
and into the axillae. Twenty-four hours after 
the first application, the skin was dirty 
brown in color, edematous, and tender to 
touch. Seventy-two hours after the first ap- 
plication, there were many blister-like lesions 
from which serum was oozing. Five days 
after the third (final) application, the skin 
in the affected area was hard, encrusted, fis- 
sured, necrotic, and hemorrhagic. About 11 
days later, the encrustations began to slough 
off and continued to do so for about two 
weeks until a new layer of skin began to 
form. This monkey survived, but 13 months 
later the injured area was the site of a soft 
scar, with atrophy and complete absence of 
hair. 

In the case of another monkey (M 100), 
Ultrasene solutions of the 93.3% sample in 
five different concentrations (10.0%, 1.0%, 
0.1%, 0.01%, and 0.001%) were applied 
upon five sites on the abdomen, respectively, 
the dosage in each case being 0.01 ml. In no 
instance was the skin irritated or altered. 
Ten days later, four more concentrated solu- 
tions (90.0%, 60.0%, 40.0%, and 20.0% ) 
were applied in the dosage of 0.05 ml. upon 
separate areas of the back. The skin of each 
area became discolored promptly, the color 
ranging from a very light to a dark tan as 
the concentration increased. By the following 
day the colors had deepened, ranging from 
light brown to dark blue. Five days after the 
applications had been made, the skin of the 
site subjected to the lowest concentration 
was slightly swollen, and that subjected to 
the highest concentration was fissured and 
oozing with a serous discharge, while areas 
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TABLE 3.—Summary of Data on Mortality Among Animals Exposed to the Vapor of 
Hexachlorocyclopentadiene in Air 


Concentration 


—— Duration, -— 


Mg/L. Ppm Hr. Guinea Pigs Rats Mice Rabbits 
0.804 73.6 4.0 2/2 44 5/5 3/3 
0.769 704 3.0 2/2 4/4 5/5 3/3 
0.755 69.1 1.0 2/2 44 5/5 3/3 
0.756 69.2 05 2/2 44 5/5 3/3 
0.622 56.9 3.6 2/2 44 5/5 3/3 
0.508 46.5 2.6 2/2 4/4 5/5 3/3 
0.219 20.0 1.25 2/2 4/4 5/5 3/3 
0.221 20.2 0.25 0/2 0/4 2/5 3/3 
0.212 19.4 0.25 0/2 1/3 44 2/3 
0.135 12.4 3.5 2/2 44 5/5 3/3 
0.139 12.7 3.0 2/2 3/3 5/5 3/3 
0.151 13.8 1.0 1/2 3/4 5/5 3/3 
0.142 13.0 0.25 0/2 14 1/5 2/3 
0.0711 6.7 7.0 2/2 4/4 5/5 3/3 
0.0781 7 3.5 1/2 44 5/5 3/3 
0.0783 7.2 1.0 0/2 2/4 2/5 3/3 
0.0786 7.2 0.5 0/2 O/4 1/4 1/3 
0.0351 3.2 2x7.0 2/2 44 4/5 3/3 
0.0348 3.2 7.0 1/2 3/4 5/5 3/3 
0.0340 3.1 3.5 0/2 2/4 4/5 2/3 
0.0338 3.1 1.0 0/2 0/4 1/5 2/3 
0.0170 1.6 5X7.0 1/2 44 5/5* 3/3 
0.0152 14 3X70 0/2 3/4 5/5 3/3 
0.0159 15 7.0 0/2 14 4/5 3/3 
6.0158 1.4 3.5 0/2 1/5 2/3 
0.0155 14 1.0 o4 0/3 
0.0160 1.5 0.5 os 0,5 0/3 
0.0109 1.0 5X70 0/2 44 4/5 3/3 
0.0037 0.34 307.0 0/2 4/4* 5* 4/6t 
0.0036 0.33 5X7.0 ° O4 0/5 ees 
0.0017 0.15 150X7.0 0/2 O4 4,5 0/3 


* All animals died before experiment was terminated. 
+ Two rabbits were exposed only during last 25 seven-hour periods. 


subjected to contact with the intermediate 
concentrations were hard and swollen. On the 
12th day the skin exhibited changes ranging 
from a slight scaliness to induration or se- 
vere encrustation. Eventually, the entire 
skin became normal in appearance. Irom 
these observations it appears that the thresh- 
old concentration at which solutions of this 
material in Ultrasene induce irritation of 
the intact skin of a monkey lies between 


10% and 20%. 


No one of three different concentrations 
(0.01%, 0.10%, and 1.0%) of the material 
in Ultrasene caused any alteration of the 
skin of the back of a guinea pig (A 914) 
when applied in the dosage of 0.05 ml. The 
application of three more concentrated solu- 
tions (40%, 60%, and 90%) upon separate 
areas of the back of another guinea pig (A 
915) resulted in all sites becoming discol- 
ored, hard, encrusted, and necrotic. Thus 


the minimum concentration capable of caus- 
ing irritation of the skin of guinea pigs is 
greater than 1.0% and less than 40.0%. 
Exposure to the Vapor.—Mortality: The 
duration of exposure, the concentration of 
hexachlorocyclopentadiene in the atmosphere 
of the respiratory chamber, and the fate of 
‘ach animal in each of the various experi- 
ments are recorded in Table 3. The mortal- 
ity in the several groups of guinea pigs, rats, 
mice, and rabbits is plotted logarithmically 
in relation to the severity of the exposure in 
Figures 4, 5, 6, and 7, respectively. In these 
graphs, the duration of each exposure in 
hours is plotted along the axis of abscissae, 
and the corresponding concentration in parts 
per million by volume along the axis of or- 
dinates. Accordingly, the location of a point 
anywhere on such a graph indicates the se- 
verity of an exposure, as expressed in terms 
of the concentration in the air and the length 
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FATALITIES AMONG GUINEA PIGS FOLLOWING INHALATION OF THE VAPOR OF HEXACHLOROCYCLOPENTADIENE 
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DURATION OF EXPOSURE, HOURS 
4.—Fatalities among guinea pigs following inhalation of hexachlorocyclopentadiene vapor 
in air. Data from each experiment have been plotted as circles, the extent to which each circle 
is filled indicating the percentage of fatalities among exposed animals. 


FATALITIES AMONG RATS FOLLOWING INHALATION OF THE VAPOR OF HEXACHLOROCYCLOPENTADIENE 
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DURATION OF EXPOSURE, HOURS 


5.—Fatalities among rats following inhalation of hexachlorocyclopentadiene vapor in_air. 
Data from each experiment have been plotted as circles, the extent to which each circle is filled 
indicating the percentage of fatalities among exposed animals. 
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FATALITIES AMONG MICE FOLLOWING INHALATION OF THE VAPOR OF HEXACHLOROCYCLOPENTADIENE 
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DURATION OF EXPOSURE, HOURS 
6.—Fatalities among mice following inhalation of hexachlorocyclopentadiene vapor in air. 


Data from each experiment have been plotted as circles, the extent to which each circle is filled 
indicating the percentage of fatalities among exposed animals. 


FATALITIES AMONG RABBITS FOLLOWING INHALATION OF THE VAPOR OF HEXACHLOROCYCLOPENTADIENE 
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‘ 7.—Fatalities among rabbits following inhalation of hexachlorocyclopentadiene vapor in air. 


Data from each experiment have been plotted as circles, the extent to which each circle is filled 
indicating the percentage of fatalities among exposed animals. 
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of time it was inhaled. The fate of the ani- 
mals in each experiment has been repre- 
sented by circles, the extent to which each 
circle is filled indicating the percentage of 
animals that died under the indicated condi- 
tions. In Figures 6 and 7 a straight line has 
been drawn to separate the area into two 
regions, one above and to the right within 
which any point indicates surely lethal con- 
ditions of exposure, and one beneath and to 
the left within which any point indicates 
conditions of exposure that permit survival 
of some or all of the animals. 


In Figures 4 and 5, which portray the re- 
sults on guinea pigs and rats, respectively, 
two parallel lines have been drawn. The one 
to the left separates nonlethal conditions of 
exposure from those associated with the 
death of some but not all of the group, while 
the one to the right separates the latter from 
uniformly lethal conditions of exposure. 

It is readily apparent that the vapors of 
hexachlorocyclopentadiene are very toxic 
for all species of animals employed. Expos- 
ure to the concentration of 13.0 ppm (0.142 
mg. per liter) for one-quarter of an hour re- 
sulted in fatalities among rabbits, rats, and 
mice but not among guinea pigs. 


Of the several species of animals subjected 
to exposure for seven hours or less, rabbits 
appeared to be the most susceptible to the 
vapors of hexachlorocyclopentadiene ; mice, 
rats, and guinea pigs exhibited decreasing 
susceptibility in that order. This is illustrated 
in the Tabulation which follows. The data 


Species of Fatalities, 
Animal Per Cent 1.0Hr. 3.5Hr. 7.0 Hr. 
Guinea pigs........ 0 7.2 3.1 1.5 
50 13.8 72 3.2 
100 20.0* 12.4 6.7 
0 3.1 14 
3.1 3.23 
100 20.0* 7 6.7 
0 14 1.4§ 
40 7.2 3.11) 
100 13.8 3.2 
67 3.1 14 we 
100 7.2 7.1 1.5 


* Duration of exposure was 1.25 hr. 
+ 25% of group died. 
3 75% of group died. 
§ 20% of group died. 
|| 80% of group died. 
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relevant to each species represent the con- 
centrations (in parts per million) which in 
experiments of stated duration (1) per- 
mitted all animals to survive, (2) killed 
some but not all of the animals, and (3) 
were uniformly lethal. 

The relative susceptibility of the various 
species of animals is also illustrated by the 
fact that the position of the line separating 
uniformly lethal conditions from those that 
permit some of the animals to survive is 
displaced progressively toward the left in 
the graphs representing, successively, the 
data for guinea pigs, rats, mice, and rabbits 
(Figs. 4 to 7). 

Guinea pigs exposed to the concentration 
of 1.6 ppm (0.017 mg. per liter) for five 
seven-hour periods survived longer than 
might have been anticipated were the line in 
Figure 4, which at higher concentrations 
separates conditions which are uniformly 
lethal from those which are tolerated by 
some of the animals, to have been extended 
without the change in slope made necessary 
by the data. There are indications that simi- 
lar discontinuities might become apparent in 
the case of other species were the lines in 
their graphs to be extended into regions in- 
dicative of other conditions of exposure, 
and that they might differ in respect to their 
points of occurrence as well as in their slopes 
in the region of low concentration and long 
duration of exposure. In the case of guinea 
pigs (Fig. +), the deflection occurs at some 
concentration between 1.6 ppm (0.017 mg. 
per liter) and 3.2 ppm (0.035 mg. per liter) 
and has been located arbitrarily within that 
range. The data on rabbits (Fig. 7) suggest 
that the deflection may occur at some con- 
centration between 0.34 ppm (0.0037 mg. 
per liter) and 1.5 ppm (0.016 mg. per liter). 
The data on rats and mice (Figs. 5 and 6) 
tend to place the deflection between 0.15 
ppm (0.0017 mg. per liter), and 0.34 ppm 
(0.0037 mg. per liter). 

Guinea pigs survived after exposure to 
the concentration of 0.34 ppm (0.0037 mg. 
per liter) for seven hours per day on five 
days per week until there had been 30 pe- 
riods of exposure in six weeks. but all the 
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mice and rats had died before the 20th pe- 
riod of exposure. Mice and rats survived 
through but five consecutive days of expos- 
ure to an almost identical concentration. 
Four of six rabbits died when subjected to 
these experimental conditions for 25 days 
within the period of five weeks. 

The concentration of 0.15 ppm (0.0017 
mg. per liter) was tolerated by guinea pigs, 
rabbits, and rats throughout 150 seven-hour 
periods of exposure over the period of 216 
days. However, four of five mice died dur- 
ing this period. The guinea pigs, rabbits, 
and rats grew normally. 

Many of the deaths induced by exposure 
to the relatively high concentrations oc- 
curred during the period of exposure, 
whereas but few occurred until after the 
cessation of exposure to the intermediate 
concentrations, and sometimes the animals 
lingered for one to five weeks. 

Signs of Intoxication: Often the survivors 
regained their losses in weight only very 
slowly, and some had not regained their in- 
itial weights when they were killed four to 
six weeks later; others required six to eight 
weeks before they had returned to their 
initial weights. 

That the vapors of hexachlorocyclopenta- 
diene were highly irritating to the mucous 
membranes of the exposed animals was made 
manifest immediately or within a few min- 
utes after their exposure to concentrations 
of 46.5 ppm (0.508 mg. per liter) or more 
by their rubbing their noses with their fore- 
feet, by the closure of their eyes and the 
reddening of the lids, and by their sneezing, 
running at the nose, lacrimating, salivating, 
retracting their heads, and breathing irregu- 
larly. In less than 30 to 60 minutes the ani- 
mals were gasping for breath. Occasionally 
mice and rabbits became tremorous. 

These same symptoms developed in vary- 
ing degrees of severity after longer periods 
of exposure to relatively low concentrations. 
For example, irritation of the external 
mucous membranes was evident after sev- 
eral minutes at the concentrations of 12.4 
or 13.8 ppm, but several hours were re- 
quired for its appearance when the concen- 
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trations were of the order of 1.0 or 1.6 ppm. 
Severe forms of respiratory distress required 
one or more hours to develop, dependent 
upon the level of concentration. 

Exposure to the concentration of 0.33 ppm 
(0.0036 mg. per liter) resulted in some irri- 
tation of the eyelids and in an increased 
respiratory rate after two or three days, but 
no signs of irritation followed exposure to 
the (0.15 ppm, or 
0.0017 mg. per liter) except in the case of 
mice which mild 


lowest concentration 


developed respiratory 
changes. 

Pathology : Degenerative changes, similar 
to those that resulted from oral administra- 
tion and application on the skin, were ob- 
served in the tissues of all species of animals. 
Diffuse degeneration of the brain, heart, and 
adrenal glands and degeneration and ne- 
crosis of the liver and kidney tubules, to- 
gether with severe pulmonary hyperemia and 
edema and, in many instances, acute bron- 
chitis and interstitial pneumonitis, were 
found. The pulmonary injury was severe 
and characteristic regardless of the species 
of animal. In animals that died immediately 
or within a short period of time following 
exposure there was necrosis of the epithe- 
lium of the primary, secondary, and tertiary 
bronchi. In animals that survived for two to 
nine days, the necrotic bronchial epithelium 
was infiltrated by neutrophiles, erythrocytes, 
and fibrin. In the early period after expos- 
ure, the reacting inflammatory cells were 
found in the areolar tissues immediately sur- 
rounding the blood vessels. At later stages 
these cells had migrated into the wall and 
mucosa of the bronchi and into the alveoli, 
In a number of instances, particularly in the 
lungs of rabbits, the walls of the alveoli were 
covered by a hyaline or fibrinoid membrane. 
At stages following the immediate acute 
necrotizing reaction, there was an oblitera- 
tive bronchitis and bronchiolitis, character- 
ized by the proliferation of fibrous tissue and 
into and obstruction of the 
bronchus or bronchiole involved. A similar 


its extension 


proliferation of fibrous tissue was observed 
in alveoli in relation to severely injured 
bronchi. 


469 


a 
- 
q 


Prolonged intermittent exposure to the 
vapors of hexachlorocyclopentadiene in the 
concentration of 0.15 ppm induced slight de- 
generative changes in the livers and kidneys 
of all the species of animals employed. The 
mice were found to have pulmonary edema 
and bronchitis, and some of the guinea pigs 
and rats had developed pneumonia, but the 
lungs of rabbits were free of irritative or 
inflammatory lesions. 


COMMENT 


Although most substances are more toxic 
when given orally than when applied upon 
the skin, the minimum lethal dosage of this 
material for rabbits was the same when 
given orally in peanut oil as when applied 
undiluted upon the intact skin. 

Members of the group concerned with 
these experiments developed headache fol- 
lowing incidental exposure to vapor from 
the respiratory chamber in which animals 
had been subjected to exposure to relatively 
high concentrations. The chamber was not 
opened until it had been swept out with air 
for a time, but a low concentration of the 
vapor of the compound evidently escaped 
into the room from the aerated chamber 
when it was opened. 

Hexachlorocyclopentadiene is more toxic 
than phosgene, it seems, if one compares the 
two on the basis of comparable concentra- 
tions in the atmosphere. Flury and Zernik * 
reported that the exposure of white mice 
and rats to phosgene in the concentration of 
1.25 ppm for 15 minutes elicited only slight 
manifestations of illness, although death oc- 
curred after several hours. In their experi- 
ments gray mice survived after exposure to 
the concentration of 12.5 ppm for 10 min- 
utes but died when subjected to that con- 
centration for 20 minutes. These data for 
mice have been included in Figure 6, from 
which it may be seen that they do not differ 
greatly from those obtained for hexachloro- 
cyclopentadiene. 

These same investigators also found that 
cats died when exposed to the concentra- 
tions of 20 to 7.5 ppm for 7.5 to 20 minutes 
and that about one-half of a group of dogs 
470 


INDUSTRIAL HEALTH 


died when exposed to the concentrations of 
75 to 80 ppm for 30 minutes. They found 
rabbits less susceptible than dogs. Since ex- 
posure to hexachlorocyclopentadiene in the 
concentration of 7.2 ppm for 30 minutes was 
lethal to one of three rabbits and the corre- 
sponding exposure for 60 minutes was uni- 
formly lethal to rabbits, it may be seen that 
hexachlorocyclopentadiene is 
than phosgene for rabbits. 


more toxic 

It is apparent that men who may be ex- 
posed to the vapor of this chlorinated hydro- 
carbon for even short periods of time should 
have faultless respiratory protection. Sys- 
tematic observations on human subjects or 
workmen exposed to the vapor of hexachlo- 
rocyclopentadiene in known low concentra- 
tions would be required in order to estab- 
lish safe limits for prolonged human expos- 
ure. The conduct of such observations under 
industrial conditions will involve the use of 
specific methods of analysis, unless the 
atmosphere should be free of other sub- 
stances which may provide interferences. It 
is not feasible to propose, even tentatively, 
a tolerable concentration for men, but it 
would seem unwise to subject workmen to 
exposure equivalent to the least severe con- 
ditions represented in these experiments 
(0.15 ppm) unless or until there is some 
basis for judgment in terms of human ex- 
perience. 


Air at 745 mm. of mercury and 25 C 
is saturated with hexachlorocyclopentadiene 
when it contains 107 ppm by volume. Under 
comparable conditions, air is saturated with 
carbon tetrachloride when it contains 152,- 
987 ppm by volume. If these two compounds 
possessed the same toxicity, carbon tetra- 
chloride, on the basis of volatility alone, 
would be 1430 (152,987/107) times as haz- 
ardous to handle. Roughly on the basis of 
actual toxicity, hexachlorocyclopentadiene in 
the concentration of 0.15 ppm is comparable 
to carbon tetrachloride at 100. Thus hexa- 
chlorocyclopentadiene may be regarded as 
666 (100/0.15) times as toxic as carbon 
tetrachloride, but on the basis of both vola- 
tility and actual toxicity, the practical haz- 
ards of dealing with the vapors of carbon 
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tetrachloride are 2.2 (1500/6066) times as 
great as those associated with the vapors of 
hexachlorocyclopentadiene. 

No information is available as to the con- 
centration in the air that would give discom- 
fort to men and so serve as a warning. 
However, in view of the concentration re- 
quired to give demonstrable evidence of 
irritation of the eyes and mucous membranes 
of animals, one might suspect that the irri- 
tating characteristics of this vapor are not 
sufficiently pronounced to serve as a warn- 
ing. 

SUMMARY 

1. The L. D.59 of hexachlorocyclopenta- 
diene of 93.3% purity, when given orally as 
a solution in peanut oil to male Carworth 
rats 6 months of age, is 505 mg. per kilo- 
gram of body weight. The minimum lethal 
dose of this material given similarly to fe- 
male rabbits is greater than 420 and less than 
620 mg. per kilogram. The oral administra- 
tion of this compound induced diarrhea, 
lethargy, and a retarded respiratory rate, 
and when the dosage was sufficient, the in- 
toxication terminated in death after one to 
two days. 

2. Rabbits and rats given lethal oral dos- 
ages of the compound exhibited ditfuse de- 
generative lesions in the brain, heart, liver, 
and adrenal glands, degeneration and necro- 
sis of the renal tubules, and edema and hy- 
peremia of the lungs. Many of the animals 
that were killed weeks after the 
administration of an oral dose were found 
to have persistent degenerative changes in 
their livers, kidneys, and adrenals. 

3. The minimum lethal dose of undiluted 
93.3% when 
maintained in contact with the intact skin 
of rabbits according to the 24-hour sleeve 
method of Draize, Woodard, and Calvery, 
is greater than 430 and less than 610 mg. 
per kilogram. Such contact resulted in se- 
vere damage to the skin, characterized by 
hyperemia, hemorrhages, edema, and necro- 
sis of the skin. 


several 


hexachlorocyclopentadiene, 


4. Contact of the compound with the 


intact skin of rabbits resulted in pathologic 
changes in the tissues of these animals, 
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among which were diffuse degeneration of 
the brain, heart, and adrenal glands, diffuse 
degeneration and necrosis of the liver and 
kidney tubules, and pulmonary hyperemia 
and edema. The skin exhibited acute in- 
flammation, focal ulceration, focal crusting, 
acanthosis, and hyperkeratosis. 

5. The results of the application of less 
than a milliliter of each of several differently 
concentrated solutions of 93.3% hexachloro- 
cyclopentadiene in Ultrasene upon the skin 
of a monkey indicated that the threshold 
level for inducing irritation of the skin lay 
between 10% and 20%. 

6. The vapors of hexachlorocyclopenta- 
diene are no less toxic than the vapors of 
phosgene. Animals of the following species 
died regularly when they inhaled air laden 
with the vapors of 89.5% hexachlorocyclo- 
pentadiene in the following concentrations 
rabbits, 1.5 
ppm (0.0159 mg. per liter) for seven hours ; 
mice, 1.4 ppm (0.0152 mg. per liter) for 
three seven-hour periods; rats, 1.0 ppm 


and for the following periods : 


(0.0109 mg. per liter) for five seven-hour 
periods or 3.2 ppm (0.0351 mg. per liter) 
for two seven-hour périods, and guinea pigs, 
3.2 ppm for two seven-hour periods. 

7. When mice, rats, rabbits, and guinea 
pigs were exposed to the concentration of 
0.34 ppm (0.0037 mg. per liter) for seven 
hours per day on each of five days per week, 
none of the mice or rats survived for so long 
as 20 such periods of exposure. Four of the 
six rabbits had died by the end of the 25th 
period, 


while the guinea pigs survived 


through 30 periods. 

8. Rabbits, rats, and guinea pigs survived 
when exposed to the concentration of 0.15 
ppm (0.0017 mg. per liter) for seven hours 
on each of 150 days over a period of 216 
days, but four of five mice died during this 
prolonged intermittent exposure. 

9. Exposure to the vapors of hexachloro- 
cyclopentadiene gave rise to such severe 
signs of irritation of the mucous and respira- 
tory membranes as lacrimation, salivation, 
and gasping respiration. On a few occasions, 
the high concentrations induced tremors. 
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10. Inhalation of the vapors of hexachlo- 
rocyclopentadiene induced diffuse degenera- 
tion of the brain, heart, liver, adrenal glands, 
and kidneys, severe pulmonary edema and 
hyperemia, and acute necrotizing bronchitis 
and bronchiolitis. The severity of these 
lesions varied with the duration and intens- 
ity of the exposure to which the animals 
were subjected, but even the lowest concen- 
tration (0.15 ppm) gave rise to mild degen- 
erative changes in the livers and kidneys of 
all the species of animals involved in the 
experiment and, in the case of mice, micro- 
scopic evidences of pulmonary irritation. 


The Shell Chemical Corporation sponsored this 
work and supplied the material for investigation. 


REFERENCES 


1. Bowen, C. V., and Hall, S. A.: The Organic 
Insecticides, in Insects, The Yearbook of Agricul- 
ture, U. S. Government Printing Office, 1952, p. 209. 


INDUSTRIAL HEALTH 


2. Ingle, L.: Toxicity of 
Science 118:213, 1953. 


Chlordane Vapors, 


3. Draize, J. H.; Woodard, G., and Calvery, 
H. O.: Methods for the Study of Irritation and 
Toxicity of Substances Applied Topically to the 
Skin and Mucous Membranes, J. 


Exper. Therap. 82:377, 1944. 


Pharmacol. & 


4. Treon, J. F.; Wright, H.; Kitzmiller, K. V., 
and Younker, W. J.: Physiological Response of 
Animals to 2-Aminodiazine and 2-Amino-4-Methyl 
Pyrimidine, J. Indust. Hyg. & Toxicol. 30:79, 1948. 


5. Treon, J. F.; Crutchfield, W. E., Jr., and 
Kitzmiller, K. V.: Physiological Response of Ani- 
mals to Cyclohexane, Methylcyclohexane, and Cer- 
tain Derivatives of These Compounds: II. Inhala- 
tion, J. Indust. Hyg. & Toxicol. 25:323, 1943. 

6. Bliss, C. I.: Determination of the Dosage- 
Mortality Curve from Small Numbers, Quart. J. 
Pharm. & Pharmacol. 11:192, 1938. 

7. Flury, F., and Zernik, F.: Schadliche Gase, 
3erlin, Julius Springer, 1931, p. 222. 


News and Comment 


ANNOUNCEMENTS 


Audiology for Industry.—Colby College, in Waterville, Me., presents the Third Annual 
Course in Industrial Deafness, Aug. 7-13, inclusive. Objectives of the course will be to train 
personnel in initiating and in conducting conservation hearing programs in noisy industries. 


Seven full-time instructors have been selected from authorities in this field. 


20 participants. 


Class is limited to 


Registrants will live on the college campus, and the tuition fee of $200.00 includes board and 
room. Applications should be made to Mr. William A. Macomber, Director, Division of Adult 
Education and Extension, Colby College, Waterville, Me. 
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The toxicity and other pharmacologic as- 
pects of many soluble antimony compounds 
have been well documented. However, in- 
formation on the toxicity of insoluble in- 
organic antimony compounds is limited.’ 

In recent years antimony trioxide has be- 
come an important component in new formu- 
lations of phosphors used in fluorescent tubes. 
A more complete toxicologic investigation 
of this antimony compound, as well as a 
similar study of the new phosphors, seemed 
therefore indicated. 

The present paper is concerned with short- 
term (acute toxicity) tests, long-term 
(chronic toxicity) tests, and pharmacologic 
studies of antimony trioxide and of two 
calcium halophosphate phosphors. The etfects 
of the dust of these materials upon the lungs 
will be reported in a separate communica- 
tion.” 

Calcium halophosphate phosphors A and 
B submitted by two leading manufacturers * 
of fluorescent tubes as representative of the 
new formulations were similar in composi- 
tion. The phosphor composition is related 
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to the mineral apatite. It is a calcium chlor- 
fluor apatite, with about 1% to 2% each of 
antimony and maganese. The actual chloride 
content is 1% to 1.5% and the fluoride con- 
tent about 3%. Calcium and phosphate ac- 
count for over 90% of the composition. 

The particle size of antimony trioxide 
prepared in the usual commercial manner was 
relatively small in all the samples examined. 
The geometric mean was 1.3u and the geo- 
metric standard deviation 1.65y, giving a 
50% size by weight of 1.55. The only signifi- 
cant contaminant was found to be arsenic. 
This occurred in amounts up to 0.2%, judged 
to be of no significance. 


METHOD, MATERIAL AND RESULTS 


The principal test materials used in the 
following experiments were (1) antimony 
trioxide, (2) calcium halophosphate phos- 
phor A, and (3) calcium halophosphate phos- 
phor B. Hereafter the shorter terminology 
“halo phosphor” will be used in place of the 
full name “calcium halophosphate phosphor.” 
Other materials used in those experiments 
requiring additional control groups will be 
indicated therein. 


SuHort-TerM Tests (Acute Toxicity) 


1. Eye Irritation—Three groups of 10 
male albino rabbits each were selected on the 
basis that the eyes were free of grossly visible 
stains following the instillation of 5% aque- 
ous solution of fluorescein sodium, according 
to the method of Carpenter and Smyth.’ 
After a two-hour interval to allow the eye 
to return to normal, | ml., containing 100 mg. 
of the dust in aqueous suspension, was in- 
stilled into the right eyes of each group, the 
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left eyes serving as controls. The eyes were 
examined in strong diffuse light after one, 
two, and seven days following preliminary 
staining with fluorescein sodium. There were 
no irritative effects of either the conjunctiva 
or the cornea that could be attributed to the 
test materials. 


2. Cutaneous Toxicity—Three groups of 
eight albino rabbits each were used for the 
determination of skin-irritating or penetrat- 
ing properties. The method of application was 
adapted from the procedure of Draize and 
associates,* with minor modifications. The 
day before dosing, the animals were clipped 
over the entire trunk with an electric clipper, 
care being taken to avoid cutting or abrading 
the skin. Twenty-five grams of the respec- 
tive dust was incorporated into an aqueous 
methylcellulose paste and lightly applied to 
the denuded skin, which comprised about 
two-thirds of the animal’s torso. The area 
was covered by an impervious membrane 
(Vinylite) and allowed to remain in contact 
for one week. No significant local reaction 
resulted from this single application, nor was 
there any apparent sign of systemic toxicity. 


3. Single Large Oral Dose—Antimony 
trioxide and the two halo phosphors were 
each administered in single oral doses of 
2.5 gm. and 5.0 gm., respectively, to groups 
of 10 rats each. The materials, suspended in 
5 ml. of water, were introduced by catheter 
into the stomach of the animals, resulting 
in a dosage of about 16 gm. of antimony 
trioxide and 33 gm. of the halo phosphors 
per kilogram of body weight. No ill effects 
were noted during the subsequent 30 days 
of observation, and the rate of growth, as 
well as the food consumption, was not altered 
in comparison with that of control animals. 


Lonc-Term Tests (CuHronic Toxicity) 


1. Effect on the Healing of an Open 
Wound.—Into a 2.5 cm. incision on the 
shaved back of a rat, 1 gm. of dry powder was 
packed. A duplicate incision made on the op- 
posite side and left undisturbed served as 
a control. Thirty rats were used, 10 rats for 
each of the two halo phosphors and 10 for 
antimony trioxide. 
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In another experiment, circular buttons of 
uniform size were excised by electrocautery 
from the shaved back of 8 rabbits and 20 
rats. Five wounds, 1 cm. in diameter, were 
made on each animal. These were dusted with 
100 mg. of the following: clay, antimony 
trioxide, both halo phosphors, and a beryllium 
phosphor. The wounds were sealed off from 
one another by a covering of Vinylite ce- 
mented to the skin to prevent cross contam- 
ination. The lesions were inspected periodi- 
cally, and some of them were excised in toto 
for histologic examination after one week, 
two weeks, and one month. 


The incisional wounds which had been 
dusted healed somewhat more slowly than 
the undusted control wounds. However, the 
delay in healing was no greater than might 
have been expected with any nonspecific for- 
eign body. The dust particles were aggre- 
gated, and the aggregations were delimited 
by a thin fibrous capsule. Prior to healing, 
much of the foreign material had been ex- 
truded from the wound. 


The circular, open wounds, with the excep- 
tion of those dusted with beryllium phosphor, 
healed cleanly and rapidly. The wounds 
dusted with beryllium were healed at three 
to four weeks, whereas the other wounds 
were healed at two weeks. No quantitative 
or qualitative differences were noted in the 
microscopic character of the wounds dusted 
with clay, either halo phosphor, or antimony 
trioxide. The  beryllium-dusted wounds 
showed quantitatively a greater exudative re- 
action but no indication of the granuloma 
which is characteristic in human tissue. After 
four months the quantitative differences of 
the beryllium wounds had largely disap- 
peared, and at six months it was very diffi- 
cult to identify the scars of any of the wounds. 

2. Intra-Abdominal Injection—Aqueous 
suspensions of antimony trioxide and the two 
halo phosphors were prepared so that 1 ml. 
contained 200 mg. of the powder. A group 
of 10 rats was used for each substance, each 
animal receiving 200 mg. intra-abdominally. 
Three animals from each group were killed 
two months after the injection. Other ani- 
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mals were killed at intervals up to 12 months 
after the injection, when the experiment was 
terminated. 

The three rats injected with antimony tri- 
oxide and examined at two months revealed 
some peritoneal adhesions, whereas the rats 
injected with the halo phosphors and exam- 
ined after the same period revealed very few 
or no adhesions. In all instances the dust de- 
posits were confined by a thin connective 
tissue capsule beyond which there was no 
evidence of inflammation. Within the con- 
fines of the capsule there were numerous 
giant cells and some fibroblasts. No signifi- 
cant alterations were observed in sections of 
liver, spleen, kidneys, or intestinal wall. Ani- 
mals killed in later months exhibited pro- 
gressively smaller dust deposits. One year 
after the injection, no adhesions and only 
very small foci of dust deposition were found. 
The cellularity of these foci was much re- 
duced, and only a few thin connective tissue 
strands were present within the confines of 
the capsule. 


3. Intravenous Injection.—Intravenous in- 
jections of 20 mg. of fine antimony trioxide 
(average particle size of 0.64) at a concentra- 
tion of 2 mg. per milliliter of saline were 
given to 23 rabbits. Seven animals received 
a single injection. Substantially larger doses 
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of this finely divided material resulted in acute 
deaths from pulmonary embolism.® Sixteen of 
the rabbits received repeated injections at 
two-day intervals until each had been dosed 
with approximately 200 mg. (53 mg. per 
kilogram of body weight). Three animals 
were killed one month after the last injection. 
Each halo phosphor was injected into 10 rab- 
bits as a suspension of 50 mg. in 10 ml. of 
saline. The particle size of these materials 
was 1.54. The injections were repeated every 
second day until 300 mg. had been injected. 
Some animals were killed one month later ; 
others were killed at varying intervals up to 
one year, when all survivors were killed. No 
significant abnormality was noted in the or- 


gans of these animals. 


4. Multiple Oral Doses —Two groups of 
10 rats each were placed on a synthetic basal 
diet (Table 1). Two other groups of 10 rats 
were each given this basal diet to which 2% 
antimony trioxide had been added. A group 


TABLE 1.—Composition of Casein Diet 


Per Cent 
Casein 
Dextrose 


Wesson salt mixture * 
Mazola (corn oil) 
Cod liver oil 


* Nutritional Biochemical Corporation (Salt Mix-W). 
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of 20 rats received one halo phosphor, while 
another similar group received the other 
halo phosphor; both were at a level of 5% 
in the basal diet. When the antimony tri- 
oxide group gave some evidence of restric- 
tion in food intake, the food was restricted in 
a like amount for the control group. 


The growth curves of the rats receiving 
2% antimony trioxide in the diet, the pair- 
fed controls, and a phosphor-fed group are 
shown in Figure 1. The animals fed antimony 
trixoide gained weight at a slower rate than 
the pair-fed control animals. In contrast, the 
rats receiving the halo phosphor showed a 
greater weight gain than the other two 
groups. No gross or microscopic abnormality 
of organs and tissues was noted in the ani- 
mals examined at the conclusion of the ex- 
periments. 


PHARMACOLOGIC STUDIES 

1. Excretion Studies—A single dose of 
0.2 gm. of antimony trioxide suspended in 
5 ml. of water was administered by stomach 
tube to three rats. The total daily collected 
urine was analyzed for its antimony content 
by the method of Maren.* 


The average daily urinary excretion of 
antimony following a single oral administra- 
tion of antimony trioxide is given in Table 2. 

Six rats were removed from an inhalation 
chamber after 80 hours of exposure to anti- 
mony trioxide dust (119 mg/m.*). The total 
daily collected urine was analyzed for anti- 
mony as above. The average daily urinary 
excretion of antimony was 12y, or about 60y 
per kilogram of body weight per day, for 
three days following removal from the cham- 


ber. On the fourth day excretion did not ex- 
ceed 2y. 


TABLE 2.—Average Urinary Excretion of Anti- 
mony Following a Single Oral Dose of Sb2Os of 
200 Mg. to Each of Three Rats 


Average Average 
Days After Excretion, Mg. Excretion, 
Dosage (as SbeOs) % 

0.300 0.15 
2.200 1.10 
3.957 1.96 
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Taste 3.—Average Urinary Excretion of Anti- 
mony of Six Rats on a Constant Dietary 
Intake of Halo Phosphor 


Average Daily 
Excretion of 


Days After Antimony, ¥ 
Dosage (as SbeOQs) 

5-6 


Similar urinary excretion studies were 
performed on six rats which had been on a 
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Figure 2. Excretion curves of animals 
removed from antimony diet. 


constant dietary halo phosphor intake for six 
months and were then placed on the control 
basal diet. The average daily intake of phos- 
phor in the diet was 750 mg. (7.5 mg. Sb). 
The average daily excretion is given in 
Table 3. 

Other rats which had been receiving 2% 
antimony trioxide in their diet for eight 
months were shifted to the antimony-trioxide- 
free basal diet, and antimony determinations 
were made of the collected daily urine and 
feces until the antimony excretions dropped 
to negligible values. A graphic portrayal of 
the excretion is given in Figure 2. 
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The curves indicate a rapid decline in the 
fecal content of antimony lasting about seven 
days, followed by a more gradual diminution 
of antimony excretion continuing for more 
than 30 days. The urinary antimony excre- 
tion is similarly biphasic, a rapid decrease in 
the excretory rate during the first five to six 
days followed by a more gradual decline in 
excretion of the chemical. 


2. Studies on the Distribution of Anti- 


mony.—Rats from the chronic feeding series 
(2% SbeOs diet) were killed, and the tissues 
analyzed for antimony. For comparison, 
analyses were also performed on the animals 


which had been removed from the antimony 


TABLE 4.—Concentrations of Antimony in the Tis- 
sues of Adult Rats Receiving Antimony 
Trioxide mn Their Diets 


Immediately 10 Days 
After Removal After Removal 
from 2% from 2% 
Antimony Antimony 
Diet, y Gm. Diet, y Gm. 
Organ (as SbheOs) (as SheOs) 
8.06 
Gastrointestinal content.. 1,059.70 0.81 
win 0.30 0.55 
Gastrointestinal tissue.... 10.74 1.50 


diet and held on a casein diet until the excre- 
tion of antimony in the urine and feces had 
dropped to negligible levels. The results are 
listed in Table 4. 

3. Other Physiologic Responses —The re- 
sults of the tissue distribution study of anti- 
mony trioxide (Table 4) indicate that con- 
siderable amounts of antimony remained in 
the body 40 days after antimony trioxide ad- 
minstration had ceased. The high concentra- 
tion of antimony in the thyroid gland seemed 
particularly interesting and suggested the 
possible existence of subtle physiologic ef- 
fects other than those reflected by objective 
symptoms. 

This observation formed the basis for an 
investigation on the physiologic effects of an- 
timony trioxide alone and with thyroxin.' 
Working with rats and rabbits, it was found 
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that (1) there appeared to be little effect on 
the body weight, oxygen uptake, heart rate, 
and serum protein-bound iodine following the 
ingestion of antimony trioxide (approxi- 
mately 2 gm. per rat per week for four 
weeks) and (2) the adminstration of anti- 
mony trioxide augmented the effects of thy- 
roxin injected subcutaneously. 


COM MENT 

The relative insolubility and chemical in- 
ertness of antimony trioxide are apparently 
responsible for the absence of harmful effect 
upon the conjunctivae or skin, as well as for 
the relative innocuousness of this material 
when administered by other routes in the 
doses employed. It was only when the daily 
ingestion of antimony trioxide over a pro- 
longed period was at a high level (2% of the 
ingested food by weight) that a systemic ef- 
fect became demonstrable. This effect was 
far from pronounced and consisted of a flat- 
tening of the weight curve compared with 
that of the control group. 

With such minimal systemic effect and 
virtual irritation demon- 
strated by antimony trioxide, the complete 
failure of either of the halo phosphors to ex- 


absence of local 


hibit any deleterious effect is not surprising 
in view of the low (1%) content of antimony 
trioxide and the inertness of the other con- 
stituents. 


In spite of the poor solubility of antimony 
trioxide, appreciable amounts of antimony 
are stored in the various tissues with no ap- 
parent deleterious effect. The highest con- 
centrations of antimony were found in the 
thyroid gland and liver. Exceedingly high 
concentrations of antimony were found in the 
lungs of rats which had inhaled this sub- 
stance as a dust.’ Inasmuch as a good por- 
tion of this dust was located in the alveolar 
spaces rather than in the lung tissue, the sig- 
nificance of the high antimony concentration 
in the lung is not comparable to the signifi- 
cance of the antimony concentration in other 
organs. 

It was not unreasonable to anticipate a dis- 
turbance in the function of the thyroid gland 
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when its antimony content was as high as was 
found in these animals. However, no func- 
tional disturbance could be detected except 
for an enhancement of the thyroxin-produced 
hyperactivity in antimony-trioxide-fed rats. 

Following a single oral dose of antimony 
trioxide, urinary excretion of the ingested 
chemical continues to be maximal until after 
the fifth day (Table 2). However, it is to be 
noted that such continued excretion is prob- 
ably related to a parallel persistence of anti- 
mony in the intestinal content (Fig. 2). 

The effect of a beryllium-containing phos- 
phor on rabbit wounds was to increase the 
time required for healing by 50% to 100% 
without producing granulomatous lesions. 
By way of comparison, the new halo phos- 
phors proved no more irritating to rabbit 
tissues than a pottery clay with a very low 
silica content, and healing occurred without 
delay. 

SUMMARY 


The calcium halophosphate phosphors, 
containing 1% antimony, gave no evidence 
of either acute or chronic toxicity. 

Antimony trioxide tested on rats and rab- 
bits gave no evidence of acute toxicity. The 
only indication of chronic toxicity was ob- 
tained on growing rats by the prolonged ad- 
ministration of antimony trioxide in their 
food at a 2% level. The effect was to reduce 
the rate of growth of the animals. 

The renal excretion of antimony appears 
to be limited to a degree which allows for the 
accumulation of appreciable concentrations of 
antimony in the tissues and blood. 
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Particularly high concentrations of anti- 
mony were consistently found in the thyroid 
gland without, however, any demonstrable 
disturbance in thyroid function, 

Financial support from the General Electric 
Company and Sylvania Electric Products, Inc., 
made this investigation possible. 
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This communication deals with the pul- 
monary effects of antimony trioxide and of 
The 
phosphor composition is related to the min- 
eral apatite. It is a calcium chlor-fluor apa- 
tite, with about 1% to 2% each of antimony 
and manganese. The actual chloride content 
is 1% to 1.5% and the fluoride content about 
3%. Calcium and phosphate account for 
over 90% of the composition. Hereafter the 
shorter terminology “halo phosphor’’ will be 


two calcium halophosphate phosphors. 


used in place of the full name “calcium halo- 
phosphate phosphor.” 

Dernehl, Nau, and Sweets ' noted an inter- 
stitial pneumonia in all of 24 guinea pigs 
which had inhaled antimony trioxide dust for 
periods varying from 33 to 609 hours. The 
concentration of dust in the inhalation cham- 
ber fluctuated widely but averaged 45.4 mg. 
per cubic meter. The particle size of the dust, 
while not determined, was assumed to have 
been ly or less. 


From Toxicology Laboratory, Industrial Hygiene 
Foundation, Mellon Institute. 

Dr. Brown's present address is Emory Uni- 
versity, Emory, Ga. 

The halo phosphors and antimony trioxide were 
obtained from the General Electric Company and 
Sylvania Electric Products, Inc., whose financial 
support made this investigation possible. 


Air-borne antimony trioxide is the mate- 
rial encountered in the commonest type of 
exposure to antimony in industry. The pos- 
sible toxic effects of air-borne particulate 
matter are sensitively related to the particle 
size of the dust cloud. In the first place, par- 
ticle size determines the depth of penetration 
of the dust in the respiratory system and the 
percentage of inhaled material which is de- 
posited.* Secondly, the tissue reactivity to 
the material also varies with the size of the 
particles, especially in the lung. Thus it fol- 
lows that if the size of the experimental dust 
is not kept below a certain maximum signifi- 
cant toxic effects may not be observed, even 
with a material of real toxicity. 


TEST PROCEDURE 


oF FINE ANTIMONY TRIOXIDE 
PARTICLES 


PRODUCTION 


A successful method was devised for pro- 
ducing fine particles by vaporizing the ma- 
terial in an electric furnace at 1900C and 
collecting the condensed fume in a four-stage 
impinger, with graduated impinging veloci- 
ties of 6000, 12,000, 25,000 f. p. m. and sonic 
velocity, in stages one to four, respectively. 
These served to separate the fume by size so 
that the fourth stage collected only the finest 
product which was suitable for test purposes. 
$y the count-weight method, this material 
was found to have 14 10* particles per mil- 
ligram, giving a calculated average particle 
size by weight of 0.4n. Microscopic exam- 
ination revealed only a few particles up to lp 
in size. Electron micrographs indicated an 
average particle size of 0.64. The material 
was prepared in this manner at regular inter- 
vals for use in inhalation studies and for in- 
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TABLE 1.—Schedule of Inhalation Exposures 


Duration of 
Exposure 
Cone. in Months 
of Dust, Animal Animals, (100 Hr/ 
Type of Dust Mg/M.* = Species No Mo.) 


Halo phosphor A.. 25 Rat 50 14.5 
Halo phosphor B.. 25 Rat 50 14.5 
89 Rabbit 20 10 
Halo phosphor A.. 31 Rabbit 20 10 
Halo phosphor B.. 31 Rabbit 20 10 


travenous and intratracheal injections as 
needed. 
INHALATION 
The different dusts (Sb:Os; and the two halo phos- 
phors) were suspended in water, dispersed by a 
compressed air atomizer, and heat dried. The dust- 
laden air then passed through an impinger which 


< 


Fig. 1—R336Z. Lung of rat exposed to antimony 
trioxide dust in an inhalation chamber for 1180 
hours. There is moderate septal thickening by pro- 
liferated fibrous tissue. Air spaces contain much 
cellular debris. Toward the upper right corner there 
are numerous elliptical spaces (cholesterol crystal 
clefts), which are delimited by fine fibrils. Toward 
the lower right corner there are dense perivascular 
deposits of SbeOs. Numerous cholesterol crystal 
clefts are also seen in the adjoining atelectatic air 
spaces. Note the absence of inflammatory exudate. 
Hematoxylin and eosin stain; 140. 


trapped aggregates and particles larger than lu 
before being blown into inhalation chambers. Prior 
to discharge to the outside, the exhaust chamber air 
passed through an electrostatic precipitator. Dust 
samples removed from the precipitators and photo- 
graphed with the electron microscope were shown to 
have an average particle size of 0.6u. 

There were six experimental groups, composed of 
150 rats and 60 rabbits, which were exposed to dusts 
according to the schedule outlined in Table 1. 
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Fig. 2—116Z. Lung of rabbit exposed to anti- 
mony trioxide dust in an inhalation chamber for 
330 hours. There is pronounced septal thickening 
by an edematous fibrillar stroma as well as by 
proliferation and swelling of the lining cells. Air 
spaces contain cellular debris, Sb-O; particles, and 
some macrophages. Note absence of inflammatory 
exudate. Interstitial dust deposits are likewise lack- 
ing. Hematoxylin and eosin stain; x 140. 


Beginning at two months and at varying intervals 
thereafter, groups of animals were killed with ether. 
The lungs of these animals, as well as those which 
died of spontaneous pneumonia, were expanded with 
formalin injected intratracheally under a head of 
15 cm. 


Portions of the lungs from a number of these rats 
were chemically analyzed for their antimony con- 
tent by the method of Maren.* 


Fig. 3—R292W. Lung of rat exposed to halo 
phosphor dust in an inhalation chamber for 1070 
hours. Although of little significance, this is the 
maximal lesion encountered. A cluster of alveoli 
adjacent to a respiratory bronchiole contain lipid- 
filled macrophages. There are no pigment accumu- 
lations or permanent septal thickening. There is 
focal swelling of alveolar lining cells. Hematoxylin 
and eosin stain; x 140. 
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INTRATRACHEAL INSUFFLATION 


The dust was suspended in distilled water in quan- 
tities such that the desired intratracheal dose was 
contained in 1 ml. The following experimental 
groups injected intratracheally were set up: 

The intratracheal injections of antimony tri- 
oxide as well as of the halo phosphors were highly 
lethal to both rats and rabbits, often immediately 
and generally within 24 hours, when the particle 
size was less than 1“. In order to allow animals to 
survive the intratracheal injections of dusts having 
the smaller particle size (< 1.0“), it became neces- 
sary to insufflate the material in multiple small doses 
administered twice weekly. 


Fig. 4—R296W. Lung of rat exposed to halo 
phosphor dust in an inhalation chamber for 1246 
hours. Similar to that of Figure 3, this is repre- 
sentative of the maximal lesion in phosphor-dust- 
exposed animals. A group of air spaces between a 
respiratory bronchiole and a blood vessel contain 
plugs of lipid-filled macrophages. There is prolifer- 
ation and swelling of alveolar lining cells. Pigment 
is demonstrable neither in the air spaces nor in the 
interstitium. Hematoxylin and eosin stain; x 140. 


TasL_e 2.—Tabulation of Experimental Groups 
Insu fflated Intratracheally with Dust 


Ave. 
Particle Dose, 

Species No. Material Size, uw Mg. 
Rat 30 SbeO3 <10 50 
Rat 20 Sb203 <1.0 25 
Rat 10 Sb203 <1.0 12 
Rat 30 SbeOs 1.5 75 to 125 
Rat 30 Halo phosphor A 1.5 75 to 125 
Rat 30 Halo phosphor B 1.5 75 to 125 
Rabbit 20 Sb203 <1.0 75.6 
Rabbit 10 Sb2O0s <1.0 50.4 
Rabbit 10 SbeOs 1.5 150 
Rabbit 10 Sb203 1.5 100 
Rabbit 9 Sb203 1.5 50 
Rabbit 10 Halo phosphor A <1.0 55 
Rabbit 10 Halo phosphor B <1.0 55.4 
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TABLE 3.—Incidence of Spontaneous Deaths in 
Inhalation Chambers 


Deaths, Deaths, 
No. % 


Dust Animal No. 
Rat 50 9 18 
Rabbit 20 17 85 
Halo phosphor A.... Rat 50 4 28 
Halo phosphor A.... Rabbit 20 12 60 
Halo phosphor B.... Rat Oo 18 36 
Rabbit 20 9 45 


Halo phosphor B.... 


After the intratracheal injections, the animals 
were housed away from further contact with the 
dust. At spaced intervals a number of animals from 
each group were killed, and the lungs prepared for 
examination. After one year the survivors were 
killed, and the lungs sectioned. 


RESULTS 


There were numerous spontaneous deaths 
in the inhalation chambers distributed among 
the various groups as shown in Table 3. 


The predominant cause of death in all 
groups was pneumonia. It affected the rabbit 
to a much greater degree than the rat. This 
difference was particularly pronounced in the 
antimony trioxide chambers. The gross ap- 
pearance of the lungs of surviving animals 
from the antimony groups was different from 
that of the surviving animals from the halo 
phosphor chambers, particularly toward the 
termination of the experiments. The lungs 
of animals which inhaled antimony trioxide 
dust, in rabbits beginning with the fifth month 
and in rats from the ninth month on, were 
mottled with chalk-white foci 1 to 2 mm. in 
diameter upon the pleura as well as upon the 
cut surface. The latter also coarse- 
textured and dry. This appearance was in 
striking contrast to the generally wet and 
bloody cut surface of the lungs with nonspe- 
cific pneumonia and to the essentially normal 
gross appearance of the lungs of surviving 
animals from the halo phosphor chambers. 
The white mottling of the lungs of animals 
inhaling antimony trioxide dust increased in 
intensity with longer exposure. Gross stain- 
ing of such a lung with Sudan IV demon- 
strated a beautiful sudanophilia on the pleural 
as well as on the cut surface, with the white 
areas staining even deeper than the surround- 
ing tissues. 


Was 
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Microscopic FEATURES OF 
ANTIMONY-TRIOXIDE-INHALATION GROUPS 

Microscopically, the inhaled fine antimony 
trioxide dust was early associated with 
swelling, proliferation, and desquamation of 
alveolar macrophages. The dust was found 
within alveolar macrophages and as densely 
agglomerated deposits in peribronchial and 
perivascular stroma. Smaller agglomerations 
were also occasionally seen within alveolar 
walls. With longer exposure, fatty degen- 
eration of macrophages became a prominent 
feature. This culminated in necrosis and cell 
rupture. The spilled cytoplasmic content was 
ingested by new macrophages, and the cycle 
of fatty degeneration—necrosis—cell rupture 
and phagocytosis was repeated, with pro- 
gressive, cyclic increases in the alveolar lipid 
content. Finally, colorless, needle-shaped 
crystals formed in the air spaces. These 
crystals, soluble in fat solvents and giving a 
positive Lieberman-Burchard reaction for 
steroid (cholesterol ?), were found in sheaves 
and singly. Large numbers of coarse and fine 
sudanophilic droplets were demonstrable 
within macrophages and also in the alveolar 
debris. This debris contained finely dispersed 
antimony trioxide and was loosely distributed 
or formed dense mixtures of acidophilic and 
basophilic materials. Exudative cells were 
generally absent. 

Varying degrees of collagenous thickening 
of alveolar walls and interstitial thickening, 
which occurred early, were preceded by in- 
creased tortuosity, arborescence, and thick- 
ening of reticulum fibers. Such fibrosis, ini- 
tially minimal and in the form of widely sep- 
arated small foci, with increasing exposure 
became more extensive and diffuse by in- 
crease in size and coalescence of the foci. The 
fibrosis was especially intense about the lipid 
crystals. 

The results of antimony determinations, 
made on lungs from rats which had inhaled 
antimony trioxide, are given in Table 4. 

The reaction in rabbit lungs differed from 
that in rat lungs in that there was a more 
pronounced interstitial pneumonia in the 
former. This interstitial pneumonia was 
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characterized by great widening of the alve- 
olar septa. Initially this widening was caused 
by the interposition of edema fluid between 
the alveolar lining membrane and its capil- 
lary, while the lining cells became swollen 
and increased in number. Later septal histio- 
cytes increased in size and number, and col- 
lagen fibers between the capillary and res- 
piratory membrane made the septal thicken- 
ing permanent. Exudative cells were gener- 
ally absent. Some of the widened septa con- 
tained two parallel capillaries. The salient 
feature, a pneumonitis secondary to accumu- 
lations of lipids, was similar to that found in 
rats. 


TaBLE 4.—Antimony Content of Formalin-Fixed 
Lungs 
(Wet Weight) * 


Holding Average Sb 
Exposure, Period, Content, y/Gm. 

Rats, No. Mo. Mo. (as Sb2Os) 
1 2 3 1,306 
1 2 4 1,135 
3 2 5 to 5% 405 
1 2 11 292 
1 2 12% 303 
3 9 0 3,182 
3 12% 0 3,166 
4 14 0 5,200 
6 14 4,085 


* The conversion factor for dry lung weight was found 
to be 4.85. 

There are other points of difference be- 
tween the reaction in rabbit lungs and that 
found in rat lungs in response to the inhala- 
tion of antimony trioxide dust: 

(a) Rabbit lung sections showed an ex- 
treme paucity of interstitial pigment. 

(b) The fibrosis in the rabbit lung was 
less diffuse than in the rat lung, leaving a 
considerable amount of relatively normal lung 
tissue between foci of fibrosis, even after 
1000 hours of exposure. 

(c) In contrast to the prominent deposits 
of agglomerated antimony trioxide in satellite 
lymph nodes of rats, the deposits of antimony 
trioxide in the pulmonary nodes of rabbits 
were small and few. 

The pulmonary lymph nodes of the rats 
were remarkable, because, in spite of fre- 
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quently considerable deposits of antimony 
trioxide, there was not the slightest indica- 
tion of fibrosis. The pigment seemed to be 
completely inert. Neither was any reaction 
demonstrable in the region of similar, though 
much smaller, deposits in the satellite lymph 
nodes of rabbits. 


Microscopic FEATURES OF 
GROUPS 
Inhalation of either of the halo phosphor 
dusts yielded minimal lung changes in rats 
and none in rabbits. 


There were frequent spontaneous infec- 
tions common to aging rats, and they were 
characterized by purulent bronchitis, bronchi- 
ectasis, bronchopneumonia, and atelectasis. 
Anatomic changes in rats attributable to the 
inhaled halo phosphor dusts consisted of mild 
proliferation of alveolar lining cells and the 
presence of scattered alveolar macrophages 
containing fine, black pigment. An occa- 
sional small cluster of lipidic macrophages 
was also found. The salient features of lipid 
pneumonia encountered in animals inhaling 
antimony trioxide were absent. Included in 
these absent features are the following: su- 
danophilic debris; crystals soluble in fat sol- 
vents; fibrosis, and alterations in reticulum 
pattern. The pulmonary lymph nodes con- 
tained but few granules of pigment, and no 
reaction to their presence was demonstrable. 

In rabbits which had inhaled the halo 
phosphors, two types of lesions were found, 
neither of which could be related to the dust. 
There was an acute nonspecific bronchopneu- 
monia, which was frequently confluent, and 
a chronic pneumonitis, which was usually 
focal and associated with chronic purulent 
bronchitis. In addition, there were many 
small foci of alveolar septal fibrous thicken- 
ing not related to demonstrable bronchial in- 
flammation. Nevertheless, such septal thick- 
ening was associated with lymphocytic infil- 
tration and thereby could be differentiated 
from the septal thickening caused by anti- 
mony trioxide dust in which exudative cells 
were absent. The pulmonary lymph nodes 
contained no pigment granules. 


TRIOXIDE 


TOXICOLOGY 


Microscopic FEATURES OF 
ANTIMONY-TRIOXIDE-INSUFFLATION GROUPS 
Sections of lungs of rats given intratracheal 

insufflations of antimony trioxide showed the 
features of lipid pneumonia identical with 
that of animals which had inhaled the dust, 
except that the involvement was not as dif- 
fuse and relatively uninvolved lung tissue was 
present between the patchy involvement. An 
occasional lipid crystal with perifocal fibrosis 
could be found as early as two months fol- 
lowing the insufflation. The intensity of 
fibrosis, the distribution of antimony trioxide 
pigment, and the amount of lipid were other- 
wise similar to those observed in the inhala- 
tion group. 

In contrast, the intratracheal insufflation 
of antimony trioxide in rabbits which sur- 
vived 19 days or longer resulted in large, 
broad scars composed of fibrillar collagenous 
tissue. The latter contained irregular clumps 
of extracellular black (SbeO3) pigment. In- 
flammatory cells were exceedingly scanty. 
No vestige of alveolar structure remained 
within the scars which were situated with no 
relation to bronchi or vessels. There were 
no foci of alveolar septal thickening, nor were 
there appreciable accumulations of alveolar 
macrophages. No antimony trioxide pigment 
was found in the lung other than that ob- 
served in the coarse scars. The pulmonary 
lymph nodes contained no demonstrable pig- 
ment. Thirty of the sixty rabbits given intra- 
tracheal insufflations of antimony trioxide 
with a particle size less than 1p died within 
five days following the injection and showed 
an exceedingly “wet” type of confluent bron- 
chopneumonia, with slurries of refractile 
crystals in the alveolar spaces. Only the sur- 
viving 30 rabbits are listed in Table 2. 


Microscopic FEATURES OF 
HALo-PHosPHor-INSUFFLATION GROUPS 
The pulmonary changes in rats injected in- 
tratracheally with halo phosphor dusts were 
easily differentiated from those in rats which 
had received intratracheal insufflation of an- 
timony trioxide. The lesions of the halo phos- 
phor groups were small, consisted of clusters 
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of but few involved air spaces, and were 
widely separated from one another by normal 
lung tissue. The involved air spaces were 
completely or partially filled with macro- 
phages and multinucleated giant cells which 
contained halo phosphor particles. The adja- 
cent septa were only very slightly thickened 
by collagen and by swelling and proliferation 
of the lining cells. There was very little in- 
terstitial deposition of halo phosphor parti- 
cles. Although small deposits of halo phos- 
phor could be demonstrated in the pulmonary 
lymph nodes, there was no tissue reaction. 

There was no evidence of chronic disease 
which could be related to halo phosphor dust 
in lung sections from rabbits given intra- 
tracheal insufflations of this material. Oc- 
casional small foci of alveolar septal fibrous 
thickening were found. But such foci also 
showed lymphocytic infiltration, and no pig- 
ment granules were seen in such regions. 
The spontaneous deaths which occurred dur- 
ing the first week following intratracheal 
injection were instances of bronchopneu- 
monia, characterized by polymorphonuclear 
exudate and macrophages in association with 
an alveolar slurry of refractile phosphor crys- 
tals. In later spontaneous deaths there were 
acute pneumonias without the halo phosphor 
particles. Small clumps of pigment were 
found in peribronchial lymphoid tissue and in 
the pulmonary lymph nodes of a few of the 
surviving animals. 

Considerable difficulty was encountered in 
some of the animals which died of bacterial 
pneumonia to demonstrate the inhaled or 
injected trioxide pigment in the lung, al- 
though the pigment was demonstrable in 
pulmonary lymph nodes. It was also appar- 
ent in some such pneumonic lungs that the 
amount of demonstrable interstitially de- 
posited pigment was frequently smaller than 
was noted in nonpneumonic lungs of animals 
with a much lower dust exposure. In contrast, 
the extracellular alveolar pigment was plenti- 
ful in the pneumonic lung, while the non- 
pneumonic lung of a similar or even greater 
dust exposure exhibited little or no free 
alveolar pigment. 
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COM MENT 


The pneumonitis which developed sec- 
ondary to the inhalation or insufflation of 
large amounts of antimony trioxide is prop- 
erly designated as endogenous lipid pneu- 
monia. The genesis of this lipid pneumonia 
brings to mind the theory postulated by 
Fallon * to explain the fibrogenic properties 
of silica. Taking cognizance of the lipid within 
macrophages and noting that the amount of 
extractable lipid in silicotic rabbit lung tis- 
sue was directly proportional to the severity 
of the silicosis, Fallon postulated that the 
fibrosis secondary to silica was actually 
caused by lipids from lipidic degeneration 
of macrophages. 

It is unlikely that antimony trioxide is of 
itself fibrogenic. This belief is engendered 
by the absence of fibrosis in pulmonary lymph 
nodes where many large deposits of antimony 
trioxide were found. 

The differences in results obtained with 
antimony trioxide in the rat, on the one hand, 
and in the rabbit, on the other, point to im- 
portant inferences : 

1. The clearance mechanism by which dust 
is removed from the lung via the bronchial 
mucus is more effective in the rabbit than 
in the rat. This view is supported by the 
paucity of pulmonary interstitial pigment and 
by the fewer and much smaller pigment de- 
posits in the pulmonary lymph nodes of rab- 
bits as compared with those of rats. The 
focal character of the lipid pneumonia in the 
rabbit, with abundant near-normal pulmonary 
tissue intervening between the pneumonic 
foci, contrasted with the diffuse involvement 
of the rat lung, reinforces this conclusion. 

2. Rabbit lung tissue is more sensitive to 
antimony trioxide than is rat lung tissue. 
The observations upon which this statement 
is based are the much greater degree of in- 
terstitial edema and broadening of alveolar 
walls in the rabbit, the earlier gross mottling 
of the lungs by lipid deposits in the rabbit, 
and the presence of coarse scars in the lungs 
of rabbits injected intratracheally with anti- 
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mony trioxide. These scars are indications 
of necrosis of lung tissue, for which no coun- 
terpart was found in rats. 

The effect of the halo phosphors upon 
pulmonary tissue, whether inhaled or injected 
intratracheally, was minimal. There was no 
significant fibrosis or any alteration in the 
reticulum pattern of the lungs. Although 
some pigment was found in the pulmonary 
lymph nodes, this pigment was inert. No 
fibrosis could be detected in the lymphoid 
tissue. It is true that the concentration of the 
halo phosphor dusts in the inhalation cham- 
bers was considerably less than that of the 
antimony trioxide dust. Nevertheless, it was 
far in excess of that likely to be encountered 
in industrial practice. The concentration of 
antimony trioxide in the halo phosphor cham- 
bers was approximately 0.2% of that in the 
antimony trioxide inhalation chamber. It is 
presumably this low content of antimony 
trioxide and the inertness of the other com- 
ponents which account for the minimal re- 
sponse observed in the halo phosphor groups. 

Rabbit lungs showed even less effect of 
the halo phosphors than rat lungs. Appar- 
ently the greater sensitivity and reactivity 
of rabbit lung tissue were more than counter- 
balanced by the more effective dust-clearance 
mechanism. 

The high incidence of spontaneous deaths 
from bacterial pneumonia in the inhalation 
chambers (much higher in rabbits than in 
rats) is to be attributed to crowding of the 
animals, as they increased in size, and to 
failure to segregate animals with snuffles or 
other evidence of infection. 

The rapidity with which pulmonary edema 
and death developed after the intratracheal 
injection of antimony trioxide in particle 
size of less than lp suggested at first a high 
degree of toxicity of this material. However, 
subsequently this same phenomenon, char- 
acterized by a rapidly developing pulmonary 
edema and death, occurred whenever intra- 
tracheal insufflations were made with ex- 
tremely finely divided materials. The chemi- 
cal composition of the insufflated, insoluble 
material did not appear to be of nearly as 
much importance as the particle size. Acutely 
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developing, fatal pulmonary edema occurred 
following the intratracheal insufflation of 
feldspar, diatomaceous earth, silica, and car- 
bon when the particle size was considerably 
less than 1» and the total amount of injected 
material (suspended in 1 ml. of water) ex- 
ceeded 10 mg. The smaller the particle size, 
the greater was the fatality rate for a given 
weight of injected material. 

The mechanism of this phenomenon is not 
clear. It would seem to be based upon an 
explosive alteration in the permeability of 
the pulmonary capillaries. In some instances, 
the capillary permeability became so exces- 
sive that the froth exuding from the animal’s 
nares was blood-tinged. The possibility of a 
bronchoconstrictor effect, as described for 
colloidal silica by Filley, Hawley, and 
Wright,’ also exists. 

There were usually a few animals which 
managed to survive for as long as one day 
with obvious and severe respiratory distress. 
Lung sections from such delayed deaths 
showed a very “wet” type of bronchopneu- 
monia. 

The tendency of the antimony content of 
the lung to decline after removal from the 
inhalation chamber (Table 4) reflects the 
effectiveness of the dust-clearance mechanism 
of the lung. It indicates that the dust de- 
posits in the lung are not necessarily static. 
Further indications of the mobility * of these 
pneumoconiotic deposits are found in the ob- 
servations that pneumonic lungs showed less 
interstitial pigment deposition than nonpneu- 
monic lungs of considerably less dust ex- 
posure and that alveolar pigment (generally 
extracellular) was abundant in the pneu- 
monic lung, while little extracellular alveolar 
pigment was found in nonpneumonic lungs of 
similar or greater dust exposure. 


SUMMARY 


As a result of the inhalation or the intra- 
tracheal insufflation of large amounts of an- 
timony trioxide, an endogenous lipid pneu- 
monia developed in rats and rabbits. 

In contrast, two calcium halophosphate 
phosphors containing 1% antimony trioxide 
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produced minimal, insignificant pulmonary 
changes in rats and rabbits which inhaled 
these dusts or in which the phosphors were 
injected intratracheally. No lesion compar- 
able with the endogenous lipid pneumonia 
was observed. 

The mechanism by which antimony tri- 
oxide produced lipid pneumonia is thought 
to operate through the accumulated, highly 
irritating lipids from the successive crops of 
degenerated and disintegrating alveolar mac- 
rophages. The fact that large deposits of 
antimony trioxide may exist in pulmonary 
lymph nodes without demonstrable tissue re- 
action indicates that this pigment per se is 
not fibrogenic. 

It should be emphasized that the concen- 
trations of the specific dusts in the atmos- 
phere necessary to produce these changes in 
experimental animals were far in excess of 
those likely to be encountered in industrial 
practice. Interesting differences were noted 
in the reaction of rabbit lung tissue to anti- 
mony trioxide as compared with that of rat 
lung tissue to the same material. These dif- 
ferences suggest that the pulmonary dust- 
clearance mechanism is more effective in the 
rabbit than in the rat and that rabbit lung 
tissue is more sensitive to antimony trioxide 
than is rat lung tissue. 

A phenomenon is described which can be 
produced with great regularity by the intra- 
tracheal injection of extremely finely divided, 
insoluble, chemically inert material in ex- 
cessive doses. The phenomenon is charac- 
terized by an extremely rapidly developing 
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pulmonary edema and death and is appar- 
ently based upon an explosive alteration in 
the permeability of pulmonary capillaries. 
The chemical nature of the injected material 
is not as important a factor as the particle 
size ; the smaller the particle size, the greater 
the lethality. 


The effect of bacterial pneumonia on pul- 
monary interstitial pigment deposits was to 
reduce such interstitial deposits and, simul- 
taneously, increase the extracellular alveolar 
pigment. This supports the concept of mo- 
bility of pneumoconiotic deposits. 


REFERENCES 


1. Dernehl, C. U.; Nau, C. A., and Sweets, 
H. H.: Animal Studies on the Toxicity of Inhaled 
Antimony Trioxide, J. Indust. Hyg. & Toxicol. 27: 
256, 1945. 

2. Brown, J. H.; Cook, K. M.; Ney, F. G., and 
Hatch, T.: Influence of Particle Size upon the Re- 
tention of Particulate Matter in the Human Lung, 
Am. J. Pub. Health 40:450, 1950. 

3. Maren, T. H.: Colorimetric Microdetermina- 
tion of Antimony with Rhodamine B, Analyt. Chem. 
19:487, 1947. 

4. Fallon, J. T.: Specific Tissue Reaction to 
Phospholipids: Suggested Explanation for the 
Similarity of the Lesions of Silicosis and Pulmonary 
Tuberculosis, Canad. M. A. J. 36:223, 1937. 

5. Filley, G. F.; Hawley, J. G., and Wright, 
G. W.: The Toxic Properties of Silica: I. Broncho- 
constrictor Effect of Colloidal Silica in Isolated 
Perfused Guinea Pig Lungs, J. Indust. Hyg. & 
Toxicol. 27:37, 1945. 

6. Gross, P., and Brown, J. H. U.: The Mobility 
of Pneumoconiotic Deposits, Am. J. Clin. Path. 
22:821, 1952. 
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Before beginning any discussion of organo- 
phosphorus compounds, it is wise to clarify 
the nomenclature, since such a variety of 
systems has been used for naming these 
compounds by different investigators and 
in different countries. The American Chem- 
ical Society has considered the problem and 
has published * recommendations for naming 
compounds containing one phosphorus atom. 
For the purposes of this report, however, 
the compounds are designated as esters of 
the various acids from which they may be 
said to be derived (Chart 1). 


R R 
IZ 
Phosphine R—P P—R Phosphine oxide 
R R 
RO O OR 
Phosphinite R—P pP— Phosphinate 
R R 
RO O OR 
IZ 
Phosphonite RO—P P—OR Phosphonate 
R R 
RO O OR 
Phosphite RO—P P—OR Phosphate 
RO OR 


Chart 1—Suggested nomenclature for derivatives 
of P-containing acids. 


Among the 86 organic phosphorus com- 
pounds studied in this laboratory (Charts 2 
through 5) are 3 phosphonites, 6 phosphites, 
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Ri0 
P—ORs 

R20 
Ri Re Rs L.D.s0 Toxie 
Effect 
H H 1640 <10-2 CNS 
C2Hs(S) C2Hs(S) (S)CeHs 370 <10-2 CNS 
CaHe N(iCsH7)2 9100 <10-? CNS 
CHze————CHz CHs 1600 <10-2 CNS* 
CHz————-CHsCH N(C2Hs)2 3900 <10-2 ONS* 


* Hydrolysis in aqueous solutions causes these cyclic 
esters to become corrosive. 


Chart 2.—Phosphorus acid derivatives (phos- 
phites). 
R0 
\ll 
P—Rs 
Re 
Ri Re Rs L.D.so Toxie 
Effect 
CsHo H CsHi7 2120 <10-2 CNS 
(iCsH7)2N CsaHe CsHo 2180 <10-2 CNS 
CH:CH=CH: CiHe 1060 <10-? ONS 
CsHe CH:CH=CH2 760 <l0-? CNS 
H H CisHeo 4700 <10-2_ Irritant 
Chart 3.—Phosphinic acid derivatives (phos- 
phinates ). 
O 
P—Rs 
R20 
Ri=Re L.D.50 Iso Toxie 
Effect 
1980 <10-2 CNS 
iCsH7 H 29220 <10-2 CNS 
ll 
(CH2z)e—P—(OCsHs)2 2250 <10-? CNS 
CeHis CeHis 11800 <10-2 CNS 
CeoHis CsHis 19900 <10-2 CNS 
H 2100 <10-2 Irritant 
*CisHoo O 
P—H 8000 <10-1 Irritant 
HO 
Chart 4.—Phosphonic acid derivatives (phos- 


phonates). 


5 phosphinates, 27 phosphonates, and 45 
phosphates. We have found in the literature, 
exclusive of our own reports,* pharmacologic 


* References 12, 16, 20, and 22. 
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Ri0 
P—ORs 
R20 
Ri=Re Rs L.D.s0 I.s0 Toxic 
Effect 
CHs C=CH—C—OCHs 7.8 2.3x10-° ChE 
CHs 
ll 
CHs (S)\CH—C—OCeHs 1145 1.7X10-% ChE 
CHe C—OC2Hs 
ll 
0 
(S) < >-x0: 124 26X10-8 ChE 
C2Hs CH=CHCl 32.9 2.2X10-7 ChE 
ll 
CeHs P—(OCe2Hs)2 4.2 3.4x10-7 ChE 
Chart 5.—Phosphoric acid derivatives (phos- 


phates). 


studies on 4 phosphites, 6 phosphonates, and 
108 phosphates. These compounds have been 
tested on various species by various routes, 
and the cholinesterase for inhibition studies 
has been obtained from various tissues of 
various species, making comparisons difficult. 
Toxicity tests in this laboratory have always 
included a mouse intragastric L. D.50, and 
inhibition studies were invariably performed 
on human erythrocyte cholinesterase. 

The toxicity of the organic phosphorus 
compounds is, in our opinion, due to one or 
more of the following effects: (1) cholines- 
terase inhibition; (2) selective degeneration 
in the central and peripheral nervous sys- 
tems; (3) stimulation and depression of the 
central nervous system, and (4) irritation 
of surface tissues. We shall consider these 
pharmacologic actions in this order. 


I. CHOLINESTERASE INHIBITION 


Koelle ‘7 has indicated the likelihood that 
the cholinesterase inhibitors cause death by 
inactivating cholinesterase and have no ac- 
tion on the effector cells per se; activity 
depends on the accumulation of acetylcholine, 
according to this theory. Death may be due 
to three distinct mechanisms: (1) excessive 
stimulation of autonomic effector cells, caus- 
ing bronchoconstriction and excessive action 
of mucous cells in the pulmonary tract; (2) 
stimulation followed by paralysis of striated 
muscles, with generalized convulsions of 
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clonic and tonic nature, or (3) central stimu- 
lation followed by depression and character- 
ized by excitement and disturbances in res- 
piratory movement. These are called the 
muscarinic, nicotinic, and central actions, 
respectively. Holmstedt ** agreed that cholin- 
esterase inhibition appeared to be the cause 
of death in his series of mice, rabbits, and 
cats. The nature of the inhibitory process 
has been extensively studied. 

So far, almost all the phosphorus-contain- 
ing compounds reported to exert inhibitory 
action on either type of cholinesterase be- 
long to the phosphate or the phosphonate 
group. Only an occasional compound, such 
as diethoxy fluorophosphite or beta-fluoro- 
ethyl phosphite, is reported to show transient 
muscarinic effects. 

There are a number of substituents which 
will confer active cholinesterase-inhibiting 
properties on the organophosphorus mole- 
cule. The effect of different substitutions can 
be demonstrated. When the radical on the 
right-hand side of the phosphorus is main- 
tained as paranitrophenyl (Chart 6), the 
diethyl group is more potent than the propyl 
and the n-propyl is more active than the 
isopropyl.** This sequence would not neces- 
sarily hold if another radical were maintained 
on the right-hand side of the molecule. For 
example, among the fluorophosphates, Chap- 
man and Saunders’ reported that di-n-propyl 
is less toxic than diethyl, which, in turn, is 
less toxic than isopropyl. The anticholines- 
terase activity of the diethyl and diisopropyl! 
esters is very similar, however (Chart 7).? 
The substitution of amide groups seems to 
lower the anticholinesterase activity of this 
molecule, as does the substitution of sulfur 
for oxygen. 


When the OR on the right is varied and 
the rest of the molecule is held constant 
as an ethoxy derivative (Chart 8), the cya- 


a= L.D.50 I.s50 


RO Ss CeoHs 6 2.5x<10-6 
» CsHz >100 3Xx10-5 
RO iCsHz >100 10-2 


Chart 6.—Effect of substituents on phosphate 
molecule. Mouse intragastric L. D.so and mouse 
brain I.sx—data from Metcalf and March.?! 
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TOXICITY OF ORGANOPHOSPHORUS COMPOUNDS 


Erythro- 
R= Serum cytes 
RO oO CoHs0 10-8 10-7 
iCsH70 10- 10-6 
>| (CHs)2N 10-4 10-2 
RO iCsH7NH 10-8 10-4 


Chart 7.—Effect of substituents on phosphate 
molecule. Inhibition of cholinesterase of horse 
erythrocytes and serum—data from Aldridge. 


I.s50 
OR— (RBC) Reference 
CeHs50 O F 10-7 Aldridge 
CN 10-8 Holmstedt 34 
OR 
OCH=CHC! 10-5 Morse and others 2? 
C2eHs0 NHCHs 10-* Maeckworth and 
Webb 


Chart 8—Effect of substituents on phosphate 
molecule. 


nide substituent confers the greatest anti- 
cholinesterase activity.+ Ethyl, benzyl, ani- 
lino, and amido substituents confer no tox- 
icity on this molecule, while the chloride and 
thiocyanide are relatively nontoxic, accord- 
ing to Saunders and Stacey **; so these 
groups probably confer no appreciable anti- 
cholinesterase activity on this molecule. In 
passing, it should be pointed out that some 
substituted vinyl compounds are active, ac- 
cording to observations made in this labora- 
tory.t As a rule, the aliphatic compounds 
are inactive, and in the case depicted, the 
activity present is believed to be due to the 
presence of the chlorine atom on the vinyl 
radical. 

Holmstedt '* has shown that the greatest 
cholinesterase-inhibiting activity can be found 
in compounds of the phosphate type which 
contain a substituted amide and a cyanide as 
well as an alkoxy substitution (Chart 9). 
Tetraethyl pyrophosphate is included in the 
Chart for comparison, since it was the most 
powerful cholinesterase inhibitor previously 
reported. 

In the alkyl thionophosphates, oxygen and 
sulfur may be exchanged to provide isomeric 
forms which differ considerably in activity.” 
Chart 10 illustrates the relative toxicity of 
such compounds in vivo and their inhibition 
of horse serum cholinesterase in vitro when 
the R is methyl and when it is ethyl. It can 
be seen that the greatest activity in vitro 


+ References 1, 13, 19, and 22. 
t+ References 16 and 22. 


occurs when sulfur connects the paranitro- 
phenyl group to phosphorus, while the great- 
est toxicity occurs without sulfur substitu- 
tion. 

There is good evidence to indicate that 
the diethyl paranitrophenyl thionophosphate 
is converted in the body to a much more 
potent inhibitor, probably diethyl paranitro- 
phenyl phosphate, although Diggle and 
Gage ® found that inhibition was approxi- 
mately proportional to the S-ethyl isomer 
present. An even more striking effect of 


I.50 L.D.50 
CHs 
N 
CHs 
P—CN 1.27X<10-® 0.462 
CHa 
“CHO 
CHs 
CHs 
oO 
CHs 
P—CN 3.95 10-9 0.604 (Tabun) 
CeHs0 
CHs 
N O 
CHs P—CN 1.63 10-5 1.914 
CHs0 
CeHs0 O O OCeHs 
ll IZ 
P—O—P 3.20 10-8 0.737 (TEPP) 
C2Hs0 OCe2Hs 


_ Chart 9.—Dimethylamidocyanophosphates. Mouse 
intraperitoneal L. D.so (mg/kg.) and human erythro- 
cyte I.s—data from Holmstedt.1% 


R—CHs R—C2Hs 
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P > NO: 14 107 06 10-8 
RO 
RO O 
NOs 7.5 10-7 1.25 10-9 
RO 
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ll 
P—O NO: 3 106 2 10-8 
RO 
RO § 
po< 30 10-4 10 10-6 
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Chart 10.—Effect of sulfur and oxygen exchange. 
Mouse subcutaneous L. Do (mg/kg.) and horse 
serum I.s—data from Hecht and Wirth. 
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metabolism on toxicity occurs in the case of 
octamethylpyrophosphoramide, a phosphate 
commonly known as OMPA. DuBois and 
his colleagues ° have shown that, although it 
exhibits no appreciable anticholinesterase 
activity in vitro, it is converted by the mam- 
malian liver and by plants to a strong cholin- 
esterase inhibitor, with action on the periph- 
eral, but not on the central, nervous system 
of mammals. 

All the compounds discussed so far have 
been derivatives of phosphoric acid. There 
are two phosphonic acid derivatives which 
should be mentioned. One, ethyl p-nitro- 
phenyl thionobenzenephosphate (EPN), is 
an effective insecticide; its toxicology has 
been studied by Hodge and his co-workers.§ 
The second, Sarin, is an “antipersonnel 
agent” which has recently been described by 
Holmstedt.1* The activity of these com- 
pounds against the cholinesterases of man 
has been well established both in vitro and 
in vivo. 

Our review of the literature fails to in- 
dicate that there has been an organized or 
consistent effort to study organophosphorus 
compounds beyond the phosphonate series. 
This may be due partly to difficulty in syn- 
thesis and partly to lack of interest in their 
chemistry when they do not offer industrial 
applications. In our study of 14 phosphites, 
phosphonites, and phosphinates,|| we have 
not found an effective cholinesterase inhib- 
itor. However, we do not wish to state 
categorically that cholinesterase inhibition is 
absent in all members of these groups, since 


§ Hodge, H. C.: Personal communication to the 
authors. 


|| References 12 and 20. 
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the particular derivatives which we have 
studied might not have been active even if 
they belonged to the phosphate group. They 
did not contain substituents which are known 
to confer activity in the phosphate and phos- 
phonate groups. 

According to the records of the Bureau 
of Adult Health,® organic phosphates ac- 
counted for 300 or 35.5% of all cases of 
occupational disease caused by agricultural 
chemicals during the years 1951 and 1952 
in California. Agricultural workers were 
most commonly affected, with 188 cases 
(63% ), and chemical manufacture and serv- 
ice employees comprised most of the others 
(15% and 18%, respectively). The disease 
was systemic in 91% and affected the skin 
in 8%. Ninety per cent of the 300 cases were 
due to parathion. It is our opinion that the 
high proportion of parathion poisoning in 
the group is due to the preponderant use of 
this phosphate and not to a higher degree of 
toxicity. 


II. SELECTIVE DEGENERATION IN THE 
CENTRAL AND PERIPHERAL 
NERVOUS SYSTEMS 


It has been established that triorthotolyl 
phosphate causes a characteristic paralysis 
in many species, due to selective demyelina- 
tion of the peripheral nerves, degeneration 
of the anterior horn cells, and “fatty degen- 
eration” in the white substance of the spinal 
cord. Smith and his associates { reported on 
the epidemiology and pathology of a mass 
poisoning caused by drinking an extract of 
Jamaica ginger (“ginger Jake”) contami- 
nated with triorthotolyl phosphate. They 


{ References 18 and 25-27. 


Production of Flaccid Paralysis by Compounds Related to Triorthotolyl Phosphate * 


Triorthotolyl phosphate 
Trimetatolyl phosphate 
Triparatolyl phosphate 
Triorthotolyl thiophosphate 
Triorthotoly] phosphite 
Triphenyl phosphate 
Triphenyl thiophosphate 


Chicken Cat Rabbit Man Monkey Dog Rat Calf 
+ + + + a + + 
+ + + “a 
t + + 
+ 


*Data from Smith and associates.2¢ 
+ Spasticity in this species. 
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showed that three other closely related com- 
pounds could cause a similar picture in 
selected laboratory animals. The Table lists 
some of the compounds which were studied 
specifically for neurotoxic effects. Triortho- 
tolyl phosphite was interesting in that it 
caused an upper motor neuron demyelination 
in the cat, resulting in rigidity rather than 
flaccidity as the characteristic disturbance. 
In these compounds, as in those discussed 
earlier, the thionophosphates were less active 
than the phosphates. Smith and his group 
also noted that the meta- and para-deriva- 
tives were without activity and that the rat 
was relatively refractive to triorthotolyl 
phosphate poisoning. Despite the widespread 
use of the cresyl phosphates, industrial poi- 
soning has been singularly absent. Three 
cases of poisoning were reported by Hunter 
in 1944.15 

Earl and Thompson '° noted that triortho- 
tolyl phosphate was a selective inhibitor of 
pseudocholinesterase of human tissues and 
suggested that this might be responsible for 
demyelination. However, Barnes and Denz * 
concluded that the ability to produce demy- 
elination is not solely or directly related to 
cholinesterase inhibition, since other strong 
inhibitors of pseudocholinesterase did not 
cause paralysis. Aldridge? has shown that 
highly purified thriorthotolyl phosphate does 
not inhibit the cholinesterase of chicken 
plasma until after it has been metabolized. 
Triorthotolyl phosphate has also failed to 
inhibit cholinesterase of chicken and human 
plasma or erythrocytes in vitro in this lab- 
oratory. These findings seem to refute those 
of earlier workers and suggest that the in- 
hibitory power in vitro was due to an im- 
purity. 

Barnes and Denz‘* found paralysis in 
chickens following exposure to triorthotolyl 
phosphate, diisopropyl fluorophosphate, and 
Mipafox (bis-monoisopropylamino  fluoro- 
phosphate) (Chart 11) but not after poison- 
ing with tetraethyl pyrophosphate, tetraiso- 
propyl pyrophosphate, parathion, methyl 
parathion, or isopropyl parathion. Petry ** 
described a polyneuritis which followed re- 
peated exposure of a man to parathion, but 


the man had also been exposed in the interim 
to numerous other unidentified agents as 
well. 


It is interesting that, although diisopropyl 
fluorophosphate and Mipafox are related, 
they do not resemble triorthotolyl phosphate 
structurally or in their other pharmacologic 
actions. (Chart 11). Two cases of prolonged 
paralysis in laboratory workers exposed to 
Mipafox have recently been described by 
Bidstrup, Bonnell, and Beckett.’ They sug- 
gested that all new organophosphorus inhib- 
itors be investigated specifically for this 
neurotoxic effect. Since paralysis is difficult 
to elicit in the mouse and rat, which are the 
most commonly used in laboratory toxicity 


CHs 


CHs 
CHs 
Triorthotolyl Phosphate 
CHs CHs 
CHO CHNH 
( 
CHs \ ll CHs Nl 
P—F P—F 
CHa f CHs 
\ 
CHO CHNH 
CHs CHa 
Diisopropyl Mipafox 
Fluorophosphate 


Chart 11.—Phosphates causing flaccid paralysis in 
chickens. 


tests, it may be that other organophosphorus 
compounds possess this property. 


III. STIMULATION AND DEPRESSION OF THE 
CENTRAL NERVOUS SYSTEM 


We have examined a number of com- 
pounds whose chief toxic effect seemed to be 
stimulation and depression, or depression 
alone, of the central nervous system. These 
compounds occur in the class of phosphinates, 
phosphites, and phosphonates as well as 
phosphates. In general, large doses are re- 
quired to produce this nonspecific syndrome, 
which is characterized by excitement, fol- 
lowed by ataxia and somnolence. Simple 
substituted trialkyl phosphates, up to the 
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hexyl] derivatives, characteristically produced 
this effect. Some of the others were depicted 
in earlier charts (Charts 2 through 5) as 
examples of the compounds we have studied. 


IV. IRRITATION OF SURFACE TISSUES 


Among the few organophosphorus com- 
pounds which irritate surface tissues are 
those in which one or more OH groups re- 
main unsubstituted, such as monobutyl phos- 
phite, and compounds whose substituted 
halogen radicals are easily hydrolyzed to 
release a halide acid. The acidity of some of 
these agents approaches that of strong in- 
organic acids. The irritation is produced by 
the presence of hydrogen ions and is not a 
specific action of the phosphorus atom. The 
arsenicals appear to have much more activity 
in this respect. 

Finally, mention should be made of the 
phosphines. A survey of the literature did 
not uncover any information concerning sub- 
stituted phosphines; however, in analogy 
with arsenic and antimony homologues, they 
would be expected to be very toxic. 


SUMMARY 


A review has been made of the structure- 
action relationships of organophosphorus 
compounds in laboratory animals as they re- 
late to man. It is our opinion that the tox- 
icity of this type of compound is dependent 
upon one or more mechanisms, the most 
important being cholinesterase inhibition and 
selective degeneration in the central and 
peripheral nervous systems. 

Considerable difficulty arises in evaluating 
structure-action relationships among organo- 
phosphorus compounds reported in the lit- 
erature, owing to lack of knowledge of exact 
structures, uncertain purity of some com- 
pounds, and possible metabolic transforma- 
tions into more active compounds. The va- 
riety of species, routes of administration, and 
sources of enzyme further complicate com- 
parisons of results of different investigators. 

Among the organophosphorus compounds 
so far studied, a high degree of acute toxicity 
has been found only among those phosphates 
and phosphonates which profoundly inhibit 
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cholinesterases. Their toxicity is reflected in 
the morbidity figures reported in industrial 
injuries from agricultural chemicals. 

Only three compounds are presently re- 
ported to produce degeneration of central 
and peripheral nervous tissue in laboratory 
animals and man—triorthotolyl phosphate, 
Mipafox, and diisopropyl fluorophosphate. 
Except for cases of accidental ingestion, the 
incidence of poisoning by this type of agent 
is extremely low, and no industrial or public- 
health problem has been encountered. 
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for the of 
a for Carcinogenic Screening 


W. C. HUEPER, M.D., Bethesda, Md. 


During the past century modern science 
and industry have supplied mankind with a 
growing number of well-defined chemicals 
as well as chemical mixtures capable of pro- 
ducing cancers in man and/or experimental 
animals. Although only a small fraction of 
human cancers so far has been traced to 
previous environmental or occupational ex- 
posures to such agents, a great deal of cir- 
cumstantial evidence suggests that a con- 
siderable portion of the cryptogenetic human 
cancers may be due to these or other still 
unidentified chemical carcinogens. There are 
thus weighty reasons for producers, pro- 
cessors, and consumers of chemicals and 
chemical products to obtain reliable informa- 
tion as to which ones may upon proper con- 
tact elicit cancerous effects. These con- 
siderations obviously apply not only to the 
large number of already existing chemicals 
for which significant environmental or occu- 
pational exposures prevail but also, perhaps 
to an even greater degree, to the many new 
chemicals which in an unending stream are 
introduced into the human environment. The 
desirability of screening chemicals to which 
humans become exposed for potential car- 
cinogenic properties receives additional sup- 
port from the fact that through the recently 
growing appreciation of environmental car- 
cinogens an increased apprehension as to the 
scope of cancer hazards from such sources 
has been created not only among parties 


From the National Cancer Institute. 
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directly concerned with such matters but 
also among the population in general. 

Within the context of this brief discourse 
on the selection of chemicals for carcinogenic 
screening, the term chemical carcinogen will 
be applied to any chemical which is capable 
of producing a cancer of any type in any 
organ or any tissue regardless of the route 
of administration used, the dose given, and 
the species, strain, or sex employed. It ap- 
pears to be wise, moreover, to consider at 
the present time any chemical possessing 
such properties as a potential human car- 
cinogen unless it can be shown by reliable 
observations on humans that it is inactive. 

The large number of existing chemicals, 
the constant addition of new ones, the great 
diversity in the chemical character and pro- 
perties of such substances as well as of the 
known chemical carcinogens, and the eco- 
nomic, technical, and scientific difficulties to 
test all chemicals by the available methods 
for carcinogenic properties require that some 
method of selection be evolved by which 
only a limited number, which for some rea- 
sons may be suspected as being carcinogenic, 
are subjected to screening procedures. The 
following considerations, reflecting three dif- 
ferent principles, may be of value in this 
process of selection. 


1. CHEMICAL AND PHYSICAL SIMILARITY 
TO KNOWN CARCINOGENS 


Preference for carcinogenic screening may 
be given to all those chemicals which possess 
some significant chemical or physical resem- 
blance to known carcinogenic chemicals. 
Such similarities may be in the realm of 
chemical composition, structure, spatial con- 
figuration, or electronic density (K region). 
They may apply to special polymerizing or 
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cross linking tendencies, protein complex 
formation, sulfhydryl binding or inactivation, 
enzyme action, such as fermentative meta- 
bolism promotion or catalase-depressing 
action, or metabolites formed. They may be 
related to refractivity, fluorescence, or infra- 
red or ultraviolet absorption. 

Among the various chemical and physical 
factors mentioned as worthy of considera- 
tion, those pertaining to similarities in com- 
position and structure appear to be the most 
significant ones, since none of the others is 
actually specific for carcinogens but merely 
is more frequently associated with carcino- 
genic chemicals than with noncarcinogenic 
ones and, as a rule, is characteristic only for 


nizance of the fact may be taken that even 
minor variations in the position, length, and 
chemical nature of side-chains of a carcino- 
genic prototype may fundamentally alter the 
biologic qualities of the related compound. It 
is obvious from this observation that always 
only some, but not all, derivatives of a car- 
cinogenic chemical possess cancer-producing 
properties. The following examples illus- 
trate this important point as to the influence 
on substitution position and _ substituent 
(Table). 

From the extensive studies conducted 
with polycyclic hydrocarbons, the following 
facts emerged: The positions favorable for 
carcinogenesis of dibenzanthracene are 6, 5, 


Effects of Position and Type of Substituent on Carcinogenic Properties of Organic Chemical Carcinogens 


Carcinogenic Prototype 
Benzene 
Beta-naphthylamine 
4-Diethylaminostilbene 
Orthoaminoazotoluene 


1,2,5,6-Dibenzanthrany1-9-iso- 
cyanate 


10-Methylbenzacridine 
Ethyl carbamate 


Less or Noncarcinogenic Relatives 


Substituent Position 
Alpha-naphthylamine? 
Diethylaminoazobenzene 
4’-Amino-2,2’-dimethylazobenzene 


9-Methylbenzacridine 
Isopropyl-n-phenylearbamate 


Substituent Type 
Xylene 


cene 


N-1,2,5,6-dibenzanthranyl- 
succinimide 


some but not for all general groups of chemi- 
cal carcinogens. Nevertheless, in some areas 
of carcinogenic screening, data on such spe- 
cial aspects may give valuable leads, espe- 
cially if a chemical tested should display 
several of these previously recorded reactive 
properties. This approach, for instance, has 
been used with some success in distinguish- 
ing carcinogenic petroleum oils from non- 
carcinogenic ones. 

The list of carcinogenic chemicals pre- 
sented in the appendix according to com- 
position, structure, and prototypes may 
serve as the main guide in the selection of 
chemicals for carcinogenic screening from a 
chemical viewpoint. 

In applying the principle of similarity in 
composition and structure to the selection 
of chemicals for carcinogenic screening, cog- 


9, and 10, in increasing order of activity ; 
the attachment of higher alkyl side-chains 
results in loss of activity; not only ring con- 
traction but also replacement of aromatic 
by heterocyclic rings can take place with re- 
tention of carcinogenic properties, though 
often accompanied by some loss in potency ; 
substitution in the ring system of carcino- 
genic benzanthracenes by radicals other 
than carbon chains, such as —OH, —Cl, 
—COOH, has generally led to deactivation 
of the carcinogens. Substitution of methyl 
groups in the benzene rings of the amino- 
azobenzene carcinogens seems to enhance 
their carcinogenic potency, especially if it 
occurs in the 3-position. On the other 
hand, replacement of the amino group of 
aminoazotoluene by a hydroxyl group leads 
to a weak carcinogenic activity and a simul- 
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taneous change in the target organ in rats 
from the liver to the bladder. Replace- 
ment of one of the benzene rings of dimethyl- 
aminoazobenzene by a naphthalene ring de- 
stroys activity, thereby demonstrating that 
the principle of interchangeability of con- 
densed benzene rings and adjacent methyl 
groups, which operates among the polycyclic 
hydrocarbon carcinogens, is not applicable to 
the azo compounds. Although it is widely 
held that sulfonation destroys the car- 
cinogenic potency of aromatic amino com- 
pounds, there seem to exist many exceptions. 
It was shown, for instance, that trypan blue 
(p,p’ diamino -m,m’ -dimethyldiphenyldiazo- 
bis-1-amino-8-naphthol-3-6-disulfonic acid) 
when injected into rats produced tumors of 
the lymphoid tissues. Similar carcinogenic 
reactions have been obtained following the 
subcutaneous injection of several food dyes 
which are sulfonated aromatic amino com- 
pounds of the triphenylmethane dye series 
(light green SF, fast green, brilliant blue). 

Additional attention must be paid in this 
connection to the possibility that chemicals 
which in their original form may not be 
suspected of having carcinogenic properties 
may give rise to the formation of carcino- 
gens as the result of normal or abnormal 
metabolic transformation. Since it has been 
shown that carcinogenic azo compounds 
undergo metabolic splitting in the azo link- 
age, as well as hydrogenation thereby form- 
ing aromatic diamines, the occurrence of 
similar metabolic degradation products may 
be expected for some of the certified food 
dyes composed of azotized combinations of 
aromatic amines (yellow OB, yellow AB). 

Intimate knowledge of such relationships 
between chemical composition and structure, 
on the one hand, and carcinogenic potency, 
on the other, are essential requirements for 
competently assessing prospective carcino- 
genic properties in nontested chemicals. 

2. BIOLOGIC SIMILARITY TO KNOWN 
CARCINOGENS 

The second main principle on which a 
selection of chemicals for carcinogenic 
screening may be based is represented by 
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the identity or similarity of certain biologic 
reactions which may become apparent upon 
a pharmacologic, toxicologic, or clinical 
study of a chemical with those usually elicited 
in the form of pericancerous or precancerous 
manifestations by recognized carcinogens as 
part of the carcinogenic symptom complex. 
Morphologic reactions of these kinds are 
typical or atypical cellular hyperplasias, such 
as carcinomatoid and sarcomatoid prolifera- 
tions, leukemoid reactions, epithelial papil- 
lomas, mucosal polyps, adenomatoid lesions, 
hyperkeratoses, and adenomas. Additional 
biologic manifestations of this connotation 
are allergic and photodynamic reactions as 
well as mutagenic and estrogenic effects, 
likewise hepatotoxic, myelotoxic, carcino- 
lytic, and carcinostatic reactions, especially 
those of radiomimetic type (mitotic poison 
effects). 

The rationale behind this reasoning may 
be found in the concept that cancer appears 
to be the end-result of a long preparatory 
chain of cellular chemical events and ana- 
tomical changes in the tissues acted upon by 
carcinogens. It is therefore reasonable to 
suspect that any chemical which is capable of 
eliciting tissue alterations and _ reactions 
which commonly are a part of the prepara- 
tory phases of cancer or often precede the 
appearance of cancers may also produce a 
malignant neoplasm. The various reactions 
listed therefore may be considered as car- 
cinogenic stigmata or warning signs of pos- 
sible future malignant developments and 
therefore represent indications for subjecting 
chemicals causing such reactions to carcino- 
genic bioassays. 

In the practical application of these ob- 
servations for selective purposes, proper 
attention, however, must be paid to the fact 
that there does not exist any direct relation 
between the relative toxicity and irritative 
properties of a chemical and its potential 
carcinogenic potency. Likewise, necrotic 
and fibrotic changes following the adminis- 
tration of test chemicals are not a prerequi- 
site for the subsequent development of can- 
cers. Cirrhosis of the liver developing under 
the influence of hepatotoxic agents and fol- 
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lowed by cancer of the liver may be absent 
if the dose level is properly adjusted so that 
minor chemical hepatocellular injury is 
directly followed by regenerative cellular 
proliferation, without the development of 
necrotic and fibrotic manifestations. 

Corresponding exposure conditions ob- 
viously account for the presence of both 
aplastic and hyperplastic bone marrow in 
cases of chronic benzene poisoning which 
may lead to the development of leukemia. 
It is noteworthy that similar marked varia- 
tions in the cellular status of the bone marrow 
have been observed in connection with the 
agranulocytotic conditions caused by contact 
with an appreciable number of aromatic 
medicinal agents, including antibiotics. 

Such ambivalent reactions, moreover, are 
well recognized as attributes of many of the 
anticancerous agents used in the therapy of 
cancer, such as ionizing radiation, nitrogen 
mustards, estrogenic substances, 
benzene, and arsenicals. 

It can be seen from these observations that 
certain biologic reactions occurring during 
the pharmacologic, toxicologic, and clinical 
testing of chemicals may provide valuable 
clues as to the advisability of bioassays of 
chemicals for carcinogenic properties. 


urethan, 


3. RELATIVE SIGNIFICANCE OF CHEMICALS 
AS POSSIBLE CANCER HAZARDS 


The two principles enunciated above, espe- 
cially when used in combination, are most 
suitable for industry in the selection of 
chemicals for carcinogenic tests. However, 
public-health agencies may well apply an 
additional principle for this purpose so as 
to provide maximal protection to exposed 
population groups. From a_ public-health 
viewpoint, the relative significance of a 
chemical as a potential carcinogen depends 
to a definite degree upon the number of 
persons who may become exposed to such 
a substance through some channel as well as 
upon the relative technical and economical 
ability of controlling any cancer hazard con- 
nected with its production, use, and con- 
sumption. 

The following graduated scale of the rela- 
tive significance of potential chemical car- 


SCREENING 


cinogens from a public-health viewpoint is 
proposed to serve as a measuring stick for 
ascertaining a priority rating for the screen- 
ing of suspected chemicals. 

(a). The highest priority for carcinogenic 
screening should be extended to those chemi- 
cals with which large parts of the general 
population have contact, whose possible car- 
cinogenic effects on man can least readily be 
ascertained, and which for this reason are 
most difficult to control. Agents of this type 
include all chemical additives and contami- 
nants of foodstuffs; industrial and military 
pollutants of the air, water, and soil; wrap- 
ping and packaging agents of foodstuffs ; 
cosmetics ; houshold drugs (over-the-counter 
items) ; and 
dry-cleaning 


cleaning polishing agents 
fluids; detergents ; 
metal-, furniture-, and silver-polishes, etc. ; 


sanitary goods; paints; 


(waxes; 


herbicides ;_ pesti- 
cides, etc.), i. e., any chemical which enters 
the general human environment or every 
home in the form of consumer goods or as 
an environmental contaminant. 

(b) The second highest priority in this 
respect should be given to chemicals to which 
large worker groups employed in producing, 
processing, and consuming industries become 
exposed and which either are not incorpor- 
ated into consumer goods or may be present 
in them in an inactive form. While occupa- 
tional contact with the already known en- 
vironmental carcinogens exists for much 
larger worker groups than those for which 
occupational cancer hazards have been recog- 
nized, the many additions to the list of occu- 
pational and experimental carcinogens made 
during the past two decades make it likely 
that industrial workers become exposed to 
carcinogenic chemicals of still unknown 
nature. It is therefore essential not only 
that epidemiologic surveys as to the number 
and types of cancers occurring among vari- 
ous occupational population groups be con- 
ducted but also that chemicals which may 
be suspected for reasons pointed out above 
of having carcinogenic properties be sub- 
jected to competent carcinogenic screening. 
The recent demonstration of strong carcino- 
genic properties for an agent used as an 
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antioxidant in the rubber industry, namely, 
4-aminodiphenyl, in experiments on rats and 
dogs provides a convincing observation sup- 
porting this proposal, since bladder cancers 
have subsequently been seen among Ameri- 
can producers. 


(c) Potentially carcinogenic chemicals of 
relatively less significance from a_public- 
health viewpoint are medicinal agents dis- 
pensed only upon prescription and industrial 
chemicals with numerically restricted occu- 
pational contacts and no general environ- 
mental human exposures. Because of the 
close and critical medical supervision given 
to patients, there is little likelihood that any 
great number of persons may have frequent, 
prolonged, and uncontrolled contact with 
hazardous medicinal agents. 

The epidemiologic conditions surrounding 
the occurrence of cancers among members of 
small and specialized occupational groups 
are such that any unusual frequency of can- 
cers among their members is_ relatively 
readily discovered, particularly if the occu- 
pational cancers affect some organ which 
ordinarily is rarely attacked. The recent 
discovery of cancers of the paranasal sinuses, 
larynx, and lung among isopropanol manu- 
facturers some 15 years after the establish- 
ment of this industry provides an illustration 
of this point. 

COMMENTS 


Since there do not exist any criteria 
characterizing all carcinogenic agents from 
either a physicochemical or a biologic view- 
point, a judicious application of the principles 
presented should include a_ well-balanced 
evaluation of all points made in connection 
with the special aspects of the chemical under 
consideration. It should properly be appre- 
ciated that such analyses merely provide 
useful leads for deciding whether a particular 
chemical should be screened and what spe- 
cific type of procedure should be used. There 
should be awareness of the fact that the 
available general knowledge on carcinogens 
does not permit one to spot chemicals which 
apparently behave exceptionally in carcino- 
genic respects in comparison to other mem- 
bers of the same chemical class which seem 
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to follow certain empiric rules. Finally, it 
may be well to remember that all screening 
tests performed on experimental animals 
supply results which are not applicable to 
man without restrictions because of the well- 
established species specificity of chemical 
carcinogens. Nevertheless, the close paral- 
lelism demonstrated for the carcinogenic 
action of larger groups of chemicals, such as 
especially the aromatic amines and certain 
polycyclic hydrocarbons contained in indus- 
trially and environmentally important pro- 
ducts of coal and petroleum distillatien, pro- 
vides a sound practical basis for the use of 
the bioassay method on selected chemicals. 
It should be obvious, moreover, that this 
approach to a control of environmental can- 
cer hazards is indicated not only for medical 
and public-health reasons but also on eco- 
nomical, legal, sociologic, and moral grounds. 
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APPENDIX 
Skeleton Units and Prototypes of 
Chemical Carcinogens 


A. ORGANIC CHEMICALS 
1. AROMATIC - CYCLIC -POLYCYCLIC 
HETEROCYCLIC PROTOTYPES 


@. BEN ZENE CO @ 


b. AROMATIC AMINO COMPOUNDS 


NH, 
9) “2 
ANILINE N,N-DI-(B-CHLOROETHYL) O-TOLUIDINE 
ANILINE 


, 


4- 4, a. 


(BENZIDINE) 


AMINO - DIPHE NYL ME THANE 
DERIVATIVES 


(ary), 


AU RAMINE 


I. Benzene, known to elicit upon prolonged con- 
tact myelogenous and lymphatic leukemia, although 
some investigators choose to call the myelogenous 
leukemic reaction observed in persons following 
prolonged contact with benzene and other industrial 
solvents (carbon tetrachloride) agnogenic myeloid 
metaplasia (Rawson, R.; Parker, F., and Jackson, 
H.: Science 93:541-542, 1941). 

II. Aniline, although accused for many years as 
one of the main causes of bladder cancer among 
dye manufacturers, more recently conducted investi- 
gations did not confirm this claim for both man 
and experimental animals. There remains, however, 
a strong suspicion that o-toluidine (LV) may possess 
carcinogenic properties. 

III. N,N-di-(beta-chloroethyl)-aniline, a nitrogen 
mustard which is therapeutically used as a growth 
inhibitor of cancers, was shown to be a mutagen 
and a carcinogen, as were N,N-di-2-chloroethyl- 
p-toluidine, 1-naphthyl-di- -2'-chloroethylamine, and 
2-naphthy1-di-2’-chloroethylamine, for experimental 
animals (Haddow). Mustard gas inhaled may be 
cause of lung and larynx cancers among Japanese 
producers (A. Yamada). 

V. 4-Aminodiphenyl, a close relative of benzidine 
industrially used in the production of rubber, pro- 
duces when given orally cancer of the bladder in 
dogs and cancer of the intestine in rats. Because 
of its high carcinogenic potency, the English chemi- 
cal industry therefore has discontinued its manu- 
facture, especially since it was shown that bladder 
cancers in excessive number occurred among 
English rubber workers having contact with certain 
aromatic amino antioxidants. p-Aminodiphenyl, 
o-aminodiphenyl, and p-nitrodiphenyl were manu- 
factured in the United States for industrial use 
until recently. 

VI. 4,4'-Diaminodiphenyl, or benzidine, is a gen- 
erally recognized human carcinogen, being respon- 
sible for an appreciable number of bladder cancers 
among benzidine manufacturers and processors. 

VII. Auramine, a diphenylmethane dye, in the 
production of which the existence of bladder cancer 
hazards recently have been reported from England 
(Case and others). 
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VIII. Parafuchsin, a representative of the im- 
portant group of triphenylmethane dyes (light green 
SF, brilliant blue, fast green), in the production 
of which occupational bladder cancer hazards orig- 
inally were discovered (1895) and which recently 
has been shown to elicit fibrosarcomas in rats upon 
subcutaneous injection (Nelson and Hagan). Ma- 
genta manufacturers have an excessive liability to 
bladder cancer (Case and others). 

IX. 4-Aminostilbene, chemically similar to the 
parent compound of the carcinogenic azo compounds, 
was introduced and has been used as a carcino- 
static agent but has proved upon experimental in- 
vestigation to elicit liver tumors (Haddow). 

X. 2-Aminofluorene produces liver tumors only, 
while its acetyl derivative, originally developed as 
an insecticide, is one of the most powerful carcino- 
gens, having systemic effects and causing cancers 
in many organs (liver, lung, brain, thyroid, pan- 
creas, breast, ear duct, etc.) remote from the site 
of introduction (Bielschowsky). 

XI. 2-Naphthylamine has been responsible for the 
development of bladder cancers among its producers 
and users (dye and rubber workers) and has been 
shown to elicit bladder cancer in dogs (Hueper). 

XII. 2-Amino-1l-naphthol is one of the metabolites 
of 2-naphthylamine, which may be totally or par- 
tially responsible for its carcinogenic action, since 
it elicits cancers when brought into the abdominal 
cavity and bladder of mice (Hueper; Bonser and 
others). 

XIII. 2-Anthramine produces cancers of the liver 
and bladder in experimental animals (Bielschow- 
sky). 

XIV. 2,2’-Diamino-1,1'-dinaphthyl has been shown 
to be a liver carcinogen in experimental animals. 

XV. 3,4,5,6-Dibenzcarbazole elicits in experimen- 
tal animals liver tumors as well as sarcomas and 
carcinomas (Boyland and Brues). 

XVI. Styryl 430, originally developed as a try- 
panocidal chemical, was found to be carcinogenic 
during chronic toxicity tests, producing sarcomas 
upon subcutaneous injection (Browning and others). 

XVII. p-Aminoazobenzene, a rather weak liver 
carcinogen, is the parent substance to a large num- 
ber of highly carcinogenic derivatives, carcinogenic 
not only to the liver but also in part to other organs 
(bladder, connective and vascular tissues). One of 
them, butter yellow, still used in some countries as 
a food dye, is also employed for coloring gasoline 
and flares. All valid carcinogenic evidence on these 
compounds is restricted to experimental animals. 

XVIII. 2,2’-Azonaphthalene is a liver carcinogen 
in experimental animals (Cook and others). 

XIX. 2,2'-Hydrazonaphthalene and hydrazoben- 
zenes represent metabolites of the corresponding 
azo compounds which may be formed by the hydro- 
genation of the azo link and before its splitting in 
the organism. The 2,2'-hydrazonaphthalene, which 
is known to rearrange easily into 2,2’-diamino-2,2’- 
dinaphthyl (benzidine arrangement), has carcino- 
genic properties. 

XX. Phenylazo-2-naphthylamine, known as yel- 
low AB, a commonly used oil-soluble food dye often 
in combination with the toluidine derivative, yellow 
OB, represents an azo derivative produced by the 
condensation of two aromatic amines and must be 
suspected as a potentially dangerous chemical be- 
cause of its probable metabolites. 

XXI. 1,2,7,8-Dibenzacridine, a relative of the re- 
lated dibenzcarbazole, is weakly carcinogenic to the 
skin of mice. 
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XXII. 7,9-Dimethyl-3,4-benzacridine, 
close relative, is inactive. 

XXIII and XXIV. Two basic diphenyl struc- 
tures, illustrating the various possible modifications 
through which carcinogenic compounds may be 
obtained. 

XXV. 9,10-Dimethylanthracene is a carcinogen 
of low potency without a phenanthrene double bond 
containing an electronic K region. 

XXVI. 1,2-Benzanthracene is a very feeble skin 
and liver carcinogen in mice and rats, respectively, 
having a so-called phenanthrene double bond with 
a great density of free electrons (K region) in the 
9,10-position, regarded by Pullman as characteristic 
for carcinogenic polycyclic hydrocarbons. 

XXVII. 3,4-Benzpyrene is a polycyclic carcino- 
genic hydrocarbon isolated from soot, coal tar, 
cigarette and cigar tar, shale oil, petroleum oils, 
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exhaust of gasoline and Diesel engines, and air 
pollutants of cities, which accounts only in part for 
their carcinogenic activity and, in fact, may be ab- 
sent in some of their carcinogenic fractions. It is 
metabolized by the introduction of a hydroxyl 
group, like other K-region-containing polycyclic 
hydrocarbons, at a position neighboring that region 
and not at the most reactive centers of such 
molecules. Its role as a human carcinogen is not 
firmly established. 


XXVIII. Chrysene is a very feeble carcinogen 
for the skin and subcutaneous tissue of mice and 
rats, respectively. Some of its dimethyl deriva- 
tives appear to be slightly more carcinogenic. 


XXIX. 3,4-Benzphenanthrene possesses carcino- 
genic properties for mice, indicating that the 
1,2-benzanthracene unit no longer appears to be a 
necessary skeleton for carcinogen activity. 


XXX. Cholanthrene, like its highly potent de- 
rivative 20-methylcholanthrene, is carcinogenic 
(Cook). The latter has been synthesized from 
cholic acid and cholesterol. 


XXXI. 2,3-(6,7 Phenanthrenyl) thiophene il- 
lustrates a skeleton unit of a carcinogenic benz- 
anthracene derivative in which an aromatic ring 
has been replaced by a heterocyclic thiophene ring. 


XXXII. 1,2,5,6-Dibenzanthranyl-9-isocyanate was 
shown to be carcinogenic to mice upon subcutaneous 
injection by Franks and Creech. It contains the 
cross linking NCO group in the side-chain. 


XXXIII. 1,2,-Benzanthranyl-10-isocyanate, on 
the other hand, proved to be noncarcinogenic to 
the subcutaneous tissue of mice, although one 
carcinoma of the bladder was found. This isolated 
observation may be of importance in connection 
with the recently introduced use of aromatic iso- 
cyanate compounds in the rubber and plastics in- 
dustry. 
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CHEMICALS FOR CARCINOGENIC SCREENING 


XXXIV. p-Phenetylurea (Dulcin), a sweeten- 
ing agent in use for many years, was recently 
eliminated from the list of permissible food addi- 
tives because it produced liver tumors in rats upon 
oral administration. 


XXXV. 6-n-Propyl-2-thiouracil used as an anti- 
thyroidotic has produced, upon prolonged feeding, 
adenomas and carcinomas of the thyroid, while the 
oral administration of its relatives thiourea 
(XXXIX) and thioacetamide (XLI) resulted in 
the formation of liver tumors. This observation 
led to the prohibition of the use of these last two 
mentioned chemicals as fungicides for the preser- 
vation of citrus fruit (Fitzhugh and Nelson). 


XXXVI, XXXVII, and XXXVIII. Three estro- 
genic chemicals which are recognized carcinogens 
for experimental animals, causing or participating 
in the development of cancers of the breast, testicu- 
lar tumors, lymphomas, uterine fibroids, and leu- 
kemia and possibly causally related to cancers of 
the human corpus uteri and breast. 


XL. Carbon tetrachloride and related  chlo- 
rinated, hepatotoxic hydrocarbons (chloroform, 
D. D. T., etc.) have elicited hepatic tumors in mice 
and/or rats. 


XLII. Ethyl carbamate when given to mice and 
rats elicits pulmonary tumors; it has the same ef- 
fect upon the offspring of pregnant mice treated 
with this chemical and seems to be, according to 
more recent observations, a conditioned carcinogen 
of the skin. Monomethyl-, dimethyl-, iso- 
propyl-carbamates are weakly tumorigenic. All 
others appeared to be noncarcinogenic in tests on 
animals. Carbamates are used in the rubber in- 
dustry as accelerators and form basic constituents 
of recently developed herbicides. 


XLIII. Diethylene glycol elicited upon  pro- 
longed feeding papillomas and carcinomas of the 
bladder of rats. This organic solvent is exten- 
sively used in various industries, particularly the 
rubber industry. 


XLIV-XLVII. These and other silicon and car- 
bon polymers and cross linking chemicals (asbes- 
tos, polyethylene, polyvinyl chloride, cellophane, 
phenol-formaldehyde resin) have elicited in rats 
and mice sarcomas at the site of deposition (poly- 
mer cancers). Isopropyl polymers or epoxides 
present in the crude liquor of isopropyl alcohol may 
account for cancers of the nasal sinuses, larynx, 
and lung of isopropanol manufacturers. Asbestosis 
produces an increased liability to cancer of the 
lung in man. Polyvinyl pyrrolidone parenterally 
introduced in rats produced reticulum-cell sarcomas 
of lymph nodes (Hueper). 


XLVIII. Polyamides of hydrazine and other 
amino resins and plastics (melamines, methylola- 
mines, urea, thiourea, aniline, sulfamides, dicyano- 
diamide, etc.) belonging to the same group of 
chemicals deserve extensive testing for carcino- 
genic properties, because there exists extensive 
occupational, medicinal, and environmental con- 
tact to all polymerized natural and synthetic sub- 
stances. 
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XLIX. 4-Vinyl-cyclohexane dioxide, or 4-epoxy- 
ethyl-cyclohexane epoxide, is a dimer also belong- 
ing to this large new group of carcinogens, having 
in part radiomimetic properties and being used 
therefore therapeutically for carcinostatic pur- 
poses. The carcinogenic properties of this epoxide 
are apparently duplicated by other nonsaturated 
epoxides formed in the atmosphere from non- 
saturated aliphatic hydrocarbons or released with 
the exhaust of Diesel engines (Hendry and others; 
Kotin and others). 
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L and LI. 4,4’-Diisocyanato-diphenyl-methane 
and 4,4’,4”- triisocyanato - triphenyl - methane are 
monomers of chemicals which may form in the 
body either 


LII. Amines 
or 
LIII. can be transformed into disubstituted urea 
having cross linking properties 
or 
LIV. can be transformed into urethanes forming 
polymers. They and other isocyanates (1,5-naph- 
thalene diisocyanate) are used as elastomers and 
plastics and are carcinogenically suspected. 


Carcinogenic Metals: Inorganic Arsenic: Ar- 
senicals ingested or inhaled have caused cancers of 
the skin; so have organic arsenicals taken orally or 
injected for therapeutic purposes. Antisyphilitic 
arsenical treatments may also be responsible for an 
excessive frequency of cancer of the tongue and 
cancer of the uterine cervix. Occupationally in- 
haled arsenicals, especially insecticides, have been 
incriminated in the production of lung cancer. All 
attempts to produce arsenic cancers in experi- 
mental animals have so far failed. 

Chromium: Exposure to dust and fumes gener- 
ated during the production of chromates from 
chromite ore is responsible for a highly excessive 
lung cancer incidence among chromate manufac- 
turers. 

Nickel: Nickel refinery workers coming in con- 
tact with nickel-copper matte dust and nickel car- 
bonyl vapors are afflicted by cancers of the nasal 
cavity and sinuses and of the lung. Metallic nickel 
injected into rats produces cancers. 

Radioactive Chemicals: All radioactive sub- 
stances are carcinogenic to man and experimental 
animals and have produced, depending upon the 
route of introduction and the chemical affinities of 
the particular chemical, cancer of the skin, con- 
nective tissue, bone, lung, liver, and blood-forming 
tissues. 

Selenium: Its oral administration elicited thyroid 
adenomas and hepatomas in rats. 

Beryllium: Its intravenous injection was fol- 
lowed by osteogenic sarcomas in rabbits, while its 
inhalation caused bronchiogenic carcinomas in rats. 

Cobalt: Its subcutaneous injection produced 
fibrosarcoma at the site of injection in rats. 
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Bronchitis rom 
Chaning Fired boilers 


SVEN-GOSTA SJOBERG, M.D., Eskilstuna, Sweden 


The metallic element vanadium has become 
increasingly useful in industry, especially in 
the manufacturing of hard steel. It is usually 
produced in the form of V2O; (vanadium 
pentoxide). Symanski,* Wyers,* and I+ 
have shown that vanadium pentoxide dust 
may cause certain symptoms in the men en- 
gaged in the production of the substance. 
According to my findings, the most impor- 
tant symptoms of the disease caused by vana- 
dium are the following: slight irritation of 
the conjunctivae; slight or copious rhinitis, 
with acute or chronic hyperplastic changes 
in the nasal mucosa; dryness or irritation of 
the throat, with chronic atrophic, and some- 


times also acute, changes; hoarseness; only 
mild acute changes in the mucous membrane 
of the larynx, and a cough as the most out- 
standing symptom, often with many rhonchi, 
although bronchoscopic examination shows 


only mild bronchitis. Pneumonia has been 
diagnosed in several cases and is considered 
to be of chemical bacterial origin (“vanadium 
pneumonitis”). In some cases there was a 
slight tendency toward reduced values for 
hemoglobin and red cells ; the thymol turbid- 
ity test gave slightly increased values, and, 
subjectively, there was very often marked 
fatigue. These symptoms may be attributed 
to the effect of vanadium on the general con- 
dition. However, since no other symptoms 
of general poisoning have been observed, | 
do not consider it justified at present to pre- 
sume that vanadium causes general poison- 
ing, at least not of any noteworthy degree. 


Chief Physician, Centrallasarettet. 
* References 1 to 3. 
+ References 5 and 6. 


Eczema has been demonstrated in some 
cases, and in a few of these a skin allergy 
to vanadium was verified.t Discoloration of 
the tongue (Wyers §) has been observed by 
me in only one case. A characteristic feature 
is that the symptoms do not appear until 
after exposure for a few days to a week, but 
on repeated exposure to vanadium dust they 
sometimes appear sooner. The condition is 
essentially of an acute nature. The duration 
varies from a few days to more than two 
months. In cases that I have treated, the 
sickness absence has averaged 13 days per 
man. Prognosis is favorable, although com- 
plications, as mentioned earlier, in the form 
of pneumonia, mild chronic changes in the 
mucous membranes of the respiratory tract, 
and skin allergy with eczema may occur. 
This mild chronic bronchitis may possibly 
give rise to lung emphysema after a pro- 
longed period (investigations are in prog- 
ress). 

The criterion for the diagnosis of vana- 
dium bronchitis is the detection of vanadium 
in the blood or the urine in association with 
exposure and symptoms. I have shown that 
after exposure a vanadium content of 
0.0003% to 0.002% may be detected in the 
blood or the urine (at spectrographic exam- 
ination), whereas no vanadium whatsoever 
has been detected in the controls. The ab- 
sorption occurs through the respiratory tract. 
By experiments on animals I have verified 
my conception that vanadium bronchitis is 
an acute condition of irritation of the upper 
and the lower respiratory tract, with only 
relatively slight local late symptoms. The 
inhaled vanadium dust is absorbed fairly 


t References 5 and 7. 
§ Wyers, H.: Unpublished paper read before the 
Royal Society of Medicine, 1950. 
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rapidly. There is no evident reason to con- 
sider the risk of the development of chronic 
changes in the lung parenchyma of, for in- 
stance, the silicosis type, partly because in 
the experimental animals the vanadium is 
found to disappear fairly quickly from the 
lungs. On the other hand, the animal ex- 
periments support the presumption that em- 
physema may occur. 

Vanadium occurs very sparsely in nature ; 
it is found in certain plants, such as sugar 
beet, vine, beech, and oak, and in some of 
the lower marine animals ( Ascidiacea, where 
it is contained in some enzymes essential for 
life) and, for this reason, in certain mineral 
oils, where the content varies considerably. 
The highest content of vanadium occurs in 
the heavy oils, which are left after the finer 
products have been extracted and which, 
because of the low price, are in great demand 
as fuel for oil-fired boilers. In these heavy, 
highly viscous oils the content of vanadium 
varies. Oil from Iraq, Iran, and Kuwait 
contains about 13% to 29% of vanadium in 
the ashes; oil from Venezuela and the Mex- 
ican Gulf contains 12.9% to 41%, while 
oil from the United States, Russia, and Indo- 
nesia contains a very small percentage of 
vanadium or none at all. Consequently, vana- 
dium in the form of an oxide occurs in the 
ash after burning these oils and is deposited 
as dust or soot in oil-fired units in propor- 
tion to the amount of oil burned and its con- 
tent of vanadium. 

In January, 1951, I || drew attention to the 
possibility that the cleaning of oil-fired boil- 
ers may give rise to vanadium bronchitis. 
Later in the same year Frost® published 
reports of four cases from Copenhagen, with 
characteristic symptoms of this condition in 
men who had been engaged in cleaning oil- 
fired boilers where vanadium had been found 
in the soot. The symptoms were typical, 
with catarrhal irritation of the mucous mem- 
brane of the upper respiratory tract and 


|| Sjoberg, S.-G.: Medical Aspects of Vanadium, 
read before meeting of the Teknologférening in 
Stockholm, Jan. 23, 1951, at which th. Fuel Oil 
Committee of the Royal Swedish Waterfall Board 
was represented. 
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dyspnea. Pneumonia did not occur. Later, 
Williams *° observed the condition caused 
by vanadium in eight boiler cleaners. These 
boilers were of a much larger size than the 
Danish ones and were used for the power 
supply of the London Transport Company. 
Each boiler consumed about 150 tons of fuel 
oil per week and was cleaned once a year. 
The soot was brushed off the walls inside the 
boiler. The symptoms of the cleaners were 
typical, with irritation of the upper respira- 
tory tract, a cough with dyspnea, and rhon- 
chi. Williams also found greenish discolora- 
tion of the tongue, which has been described 
earlier by Wyers and observed by me® in 
only one case and which is due to the pre- 
cipitation of colored vanadium salts on the 
tongue, as I have shown. In three of Wil- 
liams’ cases vanadium was detected in the 
urine, in one of these 4 mg. per 100 ml. The 
latter case presented the severest clinical 
symptoms. Pneumonia did not occur in Wil- 
liams’ cases. 

Since the summer of 1951 I have had the 
opportunity of continually observing similar 
symptoms in workers at the Vasteras gener- 
ating station, which also are caused by inhala- 
tion of vanadium-containing dust during the 
cleaning of boilers. These boilers are among 
the largest in Europe and have been de- 
scribed by Blomquist ™ and others. (For 
technical details, consult Blomquist’s paper.) 

It should be mentioned here that the larg- 
est boilers are of a very large size (85 to 
90 meters in height), being far larger than 
the English ones mentioned earlier, and that 
they consume up to 20 to 30 tons of heavy 
oil per hour. The production of V2Og¢ is 
considerable. At an effect of 200 megawatt, 
about 20 kg. per hour is formed in the boilers 
of the generating station when vanadium- 
containing oil (0.02% of vanadium) is 
burned, most of which, however, escapes 
through the chimneys. It should be men- 
tioned that no inconveniences have been 
noted in the neighborhood of the installa- 
tions. It is in the superheater chamber, 
where the temperature is as high as 550 C, 
that the precipitation of soot is heaviest. This 
soot forms fairly firm crusts, and the boilers 
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have to be cleaned at intervals of a few 
months. During the cleaning process, the 
vanadium content in the boiler may be 0.032 
to 0.048 gm. per cubic meter in the air and 
in the gases up to about 0.015 gm. per cubic 
meter (Table 1), which is more than I ° have 
found in a vanadium factory (maximum 
0.0063% ). Most ash particles (about one- 
third in the smoke gas) are between 10» and 
20 in diameter. The cleaning of each boiler 
takes one or two days. The boilers are 
cleaned by blowing the soot off the walls and, 
if necessary, by local treatment of the de- 
posits. It takes three or four men eight hours 
to clean one boiler. The boiler cleaners wear 
face masks with a filter, though these do not 
seem to be quite effective. In all the seven 
regular boiler cleaners, vanadium bronchitis 
was diagnosed on several occasions. 


Case 2.—N. E., born in 1896. In November, 1949, 
this- patient had had acute rhinitis, a cough pro- 
duced by irritation of the throat after work inside 
the boilers, fatigue, and nervousness. On April 15, 
1950, he had had similar symptoms for two weeks. 
On April 4, 1951, he had had a cough for one month, 
irritation of the throat, and pricking and burning 
sensations after boiler cleaning. Since July, 1951, 
he had not worked inside the boilers. 


Case 3.—G. F., born in 1898. On Feb. 13, 1951, 
this patient had developed a cough after boiler 
cleaning. The symptom had recurred on July 7 
and 10 and Nov. 15, 1951, and again on Jan. 9 
and April 23, 1952. The patient reported that after 
a few days of boiler cleaning he had noticed irrita- 
tion of the eyes, a “cold in the nose,” a cough with 
wheezing ir the chest, and after a few more days a 
burning sensation in the chest and throat, nausea, 
and vomiting. After a few days’ rest he had usually 
recovered. 

Case 4.—K. G. L., born in 1906. On a few occa- 
sions in 1950 and 1951 he had had symptoms of 
catarrhal irritation of the upper respiratory tract, 


TABLE 1.—Content of VO; in the Atmosphere of Boilers “P 13” and “P 14” at Cleaning on Dec. 14, 1952 


Sample Collected in Boiler, No. 


13” 


“P 14” 13” “Pp 13” “Pp 19° 
Cleaning of (SH = superheater, ECO = economizer)... SHI ECO SH IIL SHI SHI Dust from 
+11 ECO IL 


Case 1—S. O. E., born in 1913. On July 10, 
1951, he had acute rhinitis and a cough after clean- 
ing the boiler. On Nov. 12 the symptoms recurred 
after renewed cleaning. The condition did not 
improve after six days; the patient was slightly 
febrile. Radiography of the lungs showed bilateral 
bronchopneumonia involving the region near the 
hilus. Temperature was normal after a few days. 
A radiogram on Dec. 6, 1951, showed no abnor- 
malities. On June 3, 1952, the cough recurred after 
boiler cleaning, being severest at night. On June 28, 
after he had worked inside the boilers, the pa- 
tient was fatigued but had no further symptoms. 
He reported that for several years he had been 
periodically engaged in cleaning oil-fired boilers 
and that for the past 12 months he had been in 
charge of this part of the work. When only oil 
was used for burning, he had noticed the symptoms 
after one or two days’ cleaning. He described them 
as “mattery eyes” in the morning, a pricking sen- 
sation in the nose, sneezing, nosebleeding, irritation 
of the throat, a cough with a wheezing sound in 
the chest, and noticeable tiredness. After a few days’ 
rest he had usually felt quite well again except for 
the above-mentioned bronchopneumonia. 


without any definitely demonstrable connection with 
boiler cleaning. On a few occasions he had also had 
conjunctivitis. He reported that after working in- 
side the boilers he had lately noticed a troublesome 
irritation of the throat and nose after a few hours. 
After another hour or two, hoarseness and a cough, 
with wheezing in the chest, had developed. In June, 
1951, he had been given injections of penicillin for 
hoarseness, in the ear department. He considered 
that the hoarseness had developed in connection with 
the work inside the boilers. 

Case 5.—H. V. E., born in 1899. The patient 
had not seen the works physician for any symp- 
toms, but, on inquiry, he reported that after a few 
days of boiler cleaning he used to notice irritation 
of the eyes, a burning sensation in the throat, nasal 
catarrh (sometimes with nosebleed), and a slight 
cough with wheezing in the chest. The symptoms 
usually disappeared in a day or two, after he had 
been out in the fresh air. 

Case 6.—A. V. S., born in 1906. On Sept. 4, 1952, 
after one or two weeks of boiler cleaning, this pa- 
tient had developed slight symptoms referable to the 
upper respiratory tract; these symptoms were of 
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short duration, followed by increasing hoarseness, a 
cough, and nosebleed. The patient had almost re- 
covered in two days, slight hoarseness persisting for 
some time. The mucous membranes were normal. 

Case 7.—H. J., born in 1920. In March, 1953, 
after three days of boiler cleaning, this patient had 
noticed a tightness in the chest, with wheezing and 
rattling sounds, and a bad “cold in the nose,” and 
had been generally tired. Samples of blood and urine 
were collected 16 hours after he ceased work. Op- 
tical spectral analysis showed no content of vana- 
dium in the blood but 5 mg. of vanadium per 100 ml. 
of urine. A distinct excretion of vanadium was thus 
demonstrated, and it was verified that the condition 
was caused by exposure to vanadium dust. 


The symptoms are summarized in Table 2. 
It will be seen that rhinitis is the commonest 
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the boiler before it has been purified by the 
injection of fresh air prior to the cleaning of 
the boilers, because of the high content of 
sulfur in the oil. It is known that the amount 
of SO; formed seldom exceeds 5% of the 
amount of (Widell SOs is formed 
in the flame at a temperature of 1000 C, 
with very little regression of this reaction as 
the boiler cools down, whence approximately 
the same amount of SQOsz is to be expected in 
the flue gas. When the boiler is shut down, 
SOs; will be deposited in the soot, although 
not in the boiler proper but only in its upper 
cooler parts, 1. e., in the fly-ash precipitator 
unit and above it. Through condensation of 


TABLE 2.—Incidence of Commonest Symptoms in Seven Cases of Vanadium Bronchitis at Vasteras 
Generating Station and in One Case at Boras Weaving Mill 


Irritation 
Irritation 
Irritation 
Irritation 
Dyspnea 
Palpitation of heart 
Greenish discoloration of tongue.......... 
Corrosive effect on clothes................. 
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symptom, followed by irritation of the throat 
and bronchi, with a cough and rhonchi. 
Greenish black discoloration of the tongue 
has not been found. (The corrosive effect on 
clothes is due to the formation of H2SOx,, 
as described below. ) 

These summarized case histories are typi- 
cal of vanadium bronchitis. That the symp- 
toms have appeared only since heavy oils 
have been used as fuel (since 1948-1949), 
that the vanadium content in the soot is 
fairly high (Table 1), and that absorption 
and excretion of vanadium have been demon- 
strated in one case after exposure to vana- 
dium justify the conclusion that vanadium 
is responsible for the symptoms. Other irri- 
tating substances that may be taken into 
consideration are sulfurous gases in the form 
of SO2 and SO3. These gases occur in 


fairly large amounts in the atmosphere of 
508 


moisture in this region, H2SO, is formed, 
often in a fairly high concentration (up to 
10% in the soot). This soot, which is found 
in the upper flue sections, is adhesive but 
not dusty and is usually blown away from 
outside by air jets introduced through open- 
ings in the boiler wall. If this soot gets on 
clothes, it may damage the material and give 
it a moth-eaten appearance. Bruusgaard * 
mentions this risk, stating that clothes may 
even be spoiled after half an hour’s work. A 
similar, though not so marked, effect on the 
material has been noticed at Vasteras gener- 
ating station (Table 2). Skin affections have 
not been reported in any of the Vasteras 
cases. However, these surfur gases cannot in 
any circumstances play an important part in 
the causation of the respiratory affections be- 
cause of the volatility of the gases and the 
small amounts of them present when the 
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boilers have been cooled prior to cleaning. 
Further, a characteristic property of SOz 
and SOs is that they have an immediate ef- 
fect manifested by irritation of the upper 
respiratory tract, which may be quite trouble- 
some. In the present cases the complaints 
usually appeared after a few days’ work, 
which is typical of the symptoms caused by 
vanadium (Sjoberg*). There are no other 
substances that may be of any significance in 
the causation of the irritation. My observa- 
tion that vanadium bronchitis is aggravated 
by exposure to other irritating substances 
should be mentioned here. 

The affections of the conjunctivae and the 
upper respiratory tract which occurred in 


Case 8—The patient had cleaned the boilers 
three times since 1950. One evening a few hours 
after ceasing work, a troublesome cough developed, 
and during the night he also had smarting of the 
throat and the bronchi. On the next morning, but 
not subsequently, he had a wheezing sound in the 
chest. He recovered in a week, the cough persisting 
longest. 

This record shows that the complaints 
were of milder nature than those in most of 
the Vasteras cases. 

To compare conditions in plants with very 
large and with medium-sized boilers, an in- 
vestigation was made of the symptoms re- 
ported by the men regularly cleaning the 
large boilers in an industrial town (Fskil- 
stuna); the largest boiler uses 45 tons of 


TABLE 3.—Incidence of Commonest Symptoms in Thirteen Chimney Sweeps Engaged in Work in Large 


Oil-Fired Boiler Houses in Eskilstuna 


+ + + 
Irritation of bronehi.................. _ + + 

Palpitation of heart.................. 
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Greenish discoloration of tongue..... - - 
Corrosive effect on clothes............ 
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the men at the Vasteras generating station 
after boiler cleaning may evidently be at- 
tributed to the effect of vanadium (as vana- 
dium pentoxide in the ash). The symptoms 
presented the characteristic picture described 
in the foregoing and also observed by Frost 
and Williams after workers had been en- 
gaged in cleaning oil-fired boilers. The dis- 
ease ran a very mild course, as in Frost’s and 
Williams’ cases, except in one case of 
bronchopneumonia which, however, also 
progressed favorably. The treatment was 
symptomatic. 

For the sake of comparison there may be 
mentioned the case of a man at the weaving 
mill at Boras, where there is a fairly large 
generating plant, though much smaller than 
that at Vasteras (being one twenty-fifth to 
one-fiftieth as large), and where the cleaning 
of the boilers requires only one man for eight 
to nine hours once a year (Table 2). 


oil per 24-hour period when running at full 
capacity. The boilers are mostly cleaned 
once or twice a year, the work being done 
at night and requiring eight hours, with 
usually four or five men working inside the 
boilers ; the economizer is cleaned from out- 
side. On one occasion the content of vana- 
dium was 1.07%. It will be seen in Table 3 
that a number of symptoms have occurred 
also after cleaning these boilers. The men 
describe the complaints as a cough, mostly 
on the day after cleaning, irritation of the 
eyes and nose, a smarting sensation in the 
throat and sometimes also of the skin, with 
a rash from “acid soot” (consult the follow- 
ing). The boiler cleaners are instructed to 
wear face masks, but apparently they do not 
always do so. Here too a corrosive effect on 
clothes has been noticed. The symptoms are 
reported to appear immediately after ex- 
posure, which is probably explained by the 
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fact that, at least in some cases, there is no 
time to blow the boiler clean of combustion 
gases prior to the cleaning, and so the sulfur 
gases may immediately induce irritation. 
This is probably also the explanation of the 
strikingly high incidence of “irritation of the 
eyes,” as compared with the Vasteras cases. 
“A wheezing sound in the chest” has been 
noticed by a small number only, which sug- 
gests that bronchitis has been milder than in 
Vasteras. Possibly the same applies to palpi- 
tation of the heart. The corrosive effect on 
clothes seems to be severer than in the big 
boilers of Vasteras (consult the foregoing), 
as well as the rash on the face and/or the 
hands, the reason being that these men are 
more likely to come into contact with the 
He2SOj4-containing soot than are the men at 
Vasteras. No greenish black discoloration of 
the tongue was observed at Eskilstuna. 
Most of the boilers which were cleaned 
by men in whom Frost diagnosed disease 
caused by vanadium were probably no larger 
than the ordinary low-pressure boilers, with 
a heating surface of 2 to 50 square meters. 
To find out which symptoms may appear in 
association with cleaning such boilers, an in- 
vestigation has been carried out on those 
chimney sweeps in Eskilstuna who are clean- 
ing several small boilers of apartment houses 
each day, sometimes 10 to 20 boilers daily. 
They report that while they are working 
inside these boilers clouds of dust are pro- 
duced. The heating is only temporarily 
switched off, and usually it is very hot inside 
the boilers. No masks are worn, and the 
complaints are of the same nature as those 
occurring after cleaning the larger boilers 
in Eskilstuna, though on the whole milder 
and more continuous during the season be- 
cause of the nature of the work. In these 
cases the “latent period” is, of course, more 
difficult to assess. Since in some of these 
boilers thinner oils (“Nos. 1 and 2”) are 
used instead of the aforementioned heavy 
oils (“Nos. 3 and 4”), the vanadium con- 
tent in the ash will partly be very low, and 
the sulfur gases will play a relatively greater 
part in the causation of the symptoms. On 
the whole, the oil-ash content of these low- 
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temperature deposits is low as compared with 
high-temperature boilers (compare earlier 
remarks on the low-temperature sections of 
these boilers), and mainly soot-containing 
H2SO, will be formed. This matter is under 
investigation. 

For information concerning factory hy- 
giene, references should be made to Frost’s 
communication and to the regulations issued 
by Arbejds-og Fabrikstilsynet in Copen- 
hagen (Wagner).** In Denmark the men 
now wear special overalls and respirators, 
which protect them from all contact with the 
dust in the air in the boilers. The boiler clean- 
ers are instructed to wear pressure-air masks 
fed with fresh air, overalls of acid-fast ma- 
terial, wool or cotton, which fit tightly round 
the neck, wrists, and legs; gloves with high 
cuffs, and low wooden boots. Williams, who 
was the medical supervisor of the men work- 
ing in an oil-fired unit with considerably 
larger boilers, reports that these men wore 
face masks with a cotton-wool filter which, 
however, were not satisfactory but let 
through some dust. There as well as at 
Vasteras generating station, with its still 
larger boilers, respirators with a tube for the 
supply of air cannot always be worn, since 
the men sometimes have to climb ladders at 
fairly great heights. Consequently at Vas- 
teras generating station the boiler cleaners 
have up to now preferred to wear face masks 
of a simple design, which do not completely 
eliminate the symptoms, since they would 
rather have the complaints than be burdened 
with heavy inconvenient protective appli- 
ances. This fact in itself seems to show that 
the symptoms are not of a very severe nature, 
as was the case, for instance, in the vanadium 
factory at Falum which I § described earlier. 
Therefore, in places with large modern boil- 
ers like those in Vasteras generating station, 
the preventive measures have to be directed 
at the technique of heating. This has actually 
been done, since it was found that by burning 
a mixture of pulverized coal and oil, which 
is now generally used in generating stations, 
the risk of ill effects has been greatly re- 
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Ash deposits in the superheater chamber of 
Boiler “P 14” after oil firing (4) and after com- 
bined oil and, pulverized coal firing (8). 


duced. The men themselves report that the 
cleaning is much less difficult after this mix- 
ture. The reason for this is that the content 
of pulverized coal ash will predominate 
(about 10%), also at a very low rate of 
auxiliary pulverized coal firing; the fly ash 
produced by pulverized coal will probably 
also have an abrasive effect, cleaning the 
heating surfaces of oil-ash deposits and con- 
veying them to the fly-ash separators. In 
this way the amount of vanadium pentoxide 
may decrease in the boilers (Fig.). 

An interesting fact is that the vanadium 
content in deposits already formed likewise 
decreases (Table 4), which is of importance 
also with regard to the risk of corrosion. In 
Table 1 may be seen by how much the con- 
tent of vanadium in the atmosphere of the 
boiler is reduced during the cleaning opera- 
tion (one-tenth or less). Other arrange- 
ments for reducing the dust formation dur- 
ing cleaning have been discussed, and these 
possibilities are being further investigated. 
In certain circumstances, blowing off with 
steam and ammonia should possibly solve the 
problems (but not as yet in this plant, owing 
to technical difficulties ). 


As already mentioned, at the cleaning of 
the large boilers fresh air is blown into them 
before the cleaners start working. Respira- 
tors must be worn. Those used up to the 
present are probably unsatisfactory for work 
in large boilers and should be replaced by 
more effective ones. Pressure-air masks with 
tubes attached cannot be worn at the cleaning 
of large boilers because of the risk of acci- 
dents, since ladders have to be used. It has 


been reported from America (Vanadium 
Corporation of America) that the men wear 
very effective respirators, which weigh 127 
gm. and are considered to prevent inhalation 
of vanadium pentoxide dust. Men who work 
in large boilers for long periods must sup- 
plement this respirator with a special type of 
glasses, which were used in the United States 
Army during World War II and are con- 
sidered to be quite effective. 

In the case of the large boilers, it has 
been shown earlier in this paper that burning 
a mixture of oil and pulverized coal is a 
valuable prophylactic measure in that, to 
some degree, it eliminates the formation of 
vanadium pentoxide deposits in the boilers 
and thus to a great extent prevents the ap- 
pearance of symptoms in the men. 

Finally, it should be pointed out that there 
is reason to suspect that ill effects of vana- 
dium may occur also outside oil-fired units 
because of the content of vanadium in smoke 
and soot from the chimneys. It should be 
emphasized again, however, that up to the 
present this has not been the case at Vas- 
teras, Boras, or Eskilstuna. The risk of such 
spreading of vanadium dust is probably 
greatest in large cities where the oil-fired 
units lie close to each other and where a 
large number of boiler houses and apartment- 
house boilers very likely produce more vana- 
dium than one isolated (and more effective ) 
generating station. For the sake of com- 


TaBLeE 4.—Ash Deposits on Superheater Tube 
of Boiler “ 14” 


After Change-Over 
to Pulverized 
Coal Firing 


A, B, Cc, 
Per Cent Per Cent Per Cent 


Oil Firing 


0.2 0.2 0.1 
13.4 11.4 8.9 
7.0 13.7 3.6 
4.2 13.4 13 
1.8 1.8 12.8 
15 Trace 10.0 
2.8 2.4 4.1 
Free H2SO« as S.......... 0.3 0.2 0.0 
Fusion temperature (C).. 700 900-1400 ‘at 

Melting point (C)......... 800 900-1400 1145 
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parison, it should be mentioned that at a 
consumption of 180,000 tons of oil per heat- 
ing season (1951), the city of Stockholm 
will produce 65 tons of V2O;. Bonne- 
vie # supposes that the cases of conjuncti- 
vitis which occur in Los Angeles when there 
is a fog or haze in that city may be due to 
the vanadium content in the smoke-polluted 
fog (smog). For this reason Arbejds-og 
Fabrikstilsynet in Copenhagen are carrying 
out analyses of chimney soot. A similar in- 
vestigation will soon be published by me 
from Sweden. 


SUMMARY 


The most important symptoms of the 
disease caused by inhalation of vanadium 
pentoxide dust are an acute irritation of the 
conjunctivae and the upper respiratory tract, 
with conjunctivitis, rhinitis, and bronchitis, 
often with rhonchi, in association with fa- 
tigue and inability to work for varying 
lengths of time. The symptoms do not appear 
until after exposure for one to a few days. 
Bronchopneumonia may occur. No _ note- 
worthy signs of general poisoning have been 
found. Skin allergy with eczema is possible. 
Mild chronic respiratory affections may 
occur after repeated exposure, possibly with 
emphysema. 

Since vanadium occurs in varying amounts 
in mineral oils, especially in the heavy oils, 
vanadium-containing slag is formed in oil- 
fired boilers, most abundantly, of course, in 
those of a large size. When these boilers are 
cleaned, vanadium-containing dust is in- 
haled, and so the said condition may be 
caused. 

I have observed a number of relatively 
mild cases of this kind at the largest gen- 
erating station in Sweden, and describe 
briefly the symptoms in seven workers, of 
whom one developed bronchopneumonia. 
Similar symptoms, also of a mild nature, 
observed among workers in smaller oil-fired 
units, are also described. The best prophy- 
laxis is to burn a mixture of oil and pulver- 
ized coal; a completely effective respirator 


# Bonnevie, P.: Personal communication to the 
author. 
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cannot be worn in this work. I have ob- 
served similar typical, though milder, symp- 
toms in boiler cleaners at smaller generating 
stations in another Swedish town and still 
slightly milder symptoms in daily cleaners 
of oil-fired boilers for central heating of 
apartment houses. This indicates that the 
problem is of a vast, and probably increasing, 
importance, although the symptoms are not 
of a severe nature. They seem to occur ex- 
clusively after exposure in connection with 
work inside the boilers and not in the room 
or outside the room. No symptoms associ- 
ated with atmospheric pollution have been 
observed in any of these places. 
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Special Article 


COMMITTEE ON AIR POLLUTION REPORT 


HIS REPORT represents the results of work undertaken by a group of ad- 

ministrators, physicians, and scientists “to examine the nature, causes and 
effects of air pollution” in Great Britain “and the efficacy of present preventive 
measures, to consider what further preventive measures are practicable, and to 
make recommendations.” 

In November, 1953, an Interim Report was presented which made short-term 
palliative recommendations to avert the worst consequences of air pollution under 
extreme conditions, such as the London fog of December, 1952. Among the more 
important of the measures are the following: (1) warnings by the Meteorological 
Office to normally high pollution areas of the expected occurrence of serious fog 
lasting at least 24+ hours; (2) immediate providing of smokeless fuels to domestic 
consumers in densely populated areas liable to bad winter fog for use, at least, in 
times of fog development; (3) urging of cooperation by the largest single producer 
of smoke, the domestic consumer, in reducing the amount of smoke discharged ; 
(4) fuller and more frequent measurements of pollution to assist further investiga- 
tion; (5) utilization at peak efficiency of existing smoke abatement equipment; 
(6) prevention of rubbish burning during the prevalence of fog; (7) requirement 
that all motor-vehicle engines be switched off whenever traffic is stationary, and 
(8) use of gauze masks or scarves by elderly people and those suffering from chronic 
chest and heart conditions who must be out in the “smog.” 

The Committee studied the problem in a general manner throughout all England, 
Scotland, and Wales with the belief that “air pollution on the scale with which we 
are familiar in this country today is a social and economic evil which should no 
longer be tolerated” and that “it needs to be combated with the same conviction 
and energy as were applied one hundred years ago in securing pure water.” There- 
fore, the recommendations of the Committee, which take the form of new legisla- 
tion, the “Clean Air Act,” have as their objective the reduction of the total smoke 
in all heavily populated areas by 80% within 10 to 15 years and the ultimate solu- 
tion of the problem of gaseous pollution. 


NATURE AND EFFECTS OF AIR POLLUTION 
The nature and amounts of air pollution present in England as of December, 
1953, are described. 1. The most serious problem is the pollution which arises from 
the combustion of fuels (coal, oil, and their products). 2. The effects are severest, 
and the need for prevention is most urgent in the “black areas”—urban areas liable 
both to heavy pollution and to natural fog. 3. A distinction can be drawn between 
visible pollution by smoke, grit, and dust and pollution by invisible gases, the most 
important of which are the oxides of sulfur. 4. More than half of all the smoke 
comes from industrial sources and railways, but for each ton of coal burned, 
domestic chimneys produce twice as much smoke as industry and discharge it at 


Committee on Air Pollution Report: Presented to Parliament by the Minister of Housing 
and Local Government, the Secretary of State for Scotland, and the Minister of Fuel and Power 
by Command of Her Majesty, November, 1954, by Sir Hugh Beaver and Associates. Command 
Report 9322, Her Majesty's Stationery Office, London, 1954. 
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a lower level. 5. Nearly all the grit and dust come from industrial sources, including 
power stations and railways. 6. Sulfur dioxide is discharged wherever coal, coke, 
or oil is burned, whether on industrial or domestic premises. 7. The following 
Table, quoted directly, shows the main uses of fuels and estimates of pollutants dis- 
charged from such uses in Great Britain in 1953. 


Main Supplies and Uses of Fuels and Estimates of Pollutants Discharged in 19353 


Million Tons Coke Oven Pollutants Discharged, 


Gas (Un- Million Tons 
Fuel Burned purified), 
Fuel Million Grit and Sulfur 
Class of Consumer Supplied Solid Liquid Cu. Ft. Smoke Dust§ Dioxide 
Coal 
Industrial and misc.*............... 64.6 64.6 73,976 0.8 0.3 1.8 
205.0 
Coke 
(Excluding consumption in gas- 
works and blast furnmaces)........ Nil Small 0.4 
Oil 
Creosote-pitch mixtures ........... 0.7 Nil Small 
9.0 
172.8 9.0 202,016 2.0 0.8 5.2 


*Includes general industry, collieries, patent fuel works, nonindustrial establishments, waterworks, and 
the Service Departments. 

+ Although over the whole country the amount of smoke and grit discharged from gasworks and coke 
ovens is small, the pollution from certain types of plants, and particularly from older coke-oven plants, can 
bave a serious local concentration. 

This is coke. 

§ This column does not include grit-and-dust emissions, estimated as about 500,000 tons, from industrial 
processes other than steam raising. 


In contrast to the acute effects of the London fog of December, 1952, which 
it is reported resulted in the deaths of 4000 persons, the effects of continuing air 
pollution on human health are discussed. A clear association between pollution and 
the incidence of bronchitis and other respiratory diseases is claimed from the fol- 
lowing statistics : 


Death Rates from Bronchitis per 100,000 


Men Women 
1951 5.0 4.0 
and Wales cs 1951 107.9 62.7 
1952 83.8 42.0 
1953 91.9 47.6 


Not all the excess is attributed to air pollution, since climate or housing conditions 
play a part. 

Statistics are given which show a definite and consistent difference in the death 
rates from pneumonia and bronchitis between large centers of population and 
rural areas. For example, the heavily polluted central Clydeside area of Scotland 
showed a death rate from bronchitis in 1952 nearly twice as high as that for the rest of 
Scotland. 

Besides the effects through the respiratory system, the harm of air pollution is 
discussed from the standpoint of (1) the reduction in effective sunlight which can 
materially reduce resistance to infection and retard recovery from illness; (2) 
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the psychological effects of reduced light, and (3) the production of lung cancer. 
The precise scientific determination of the ill effects of the several elements in air 
pollution and their interrelationships is proposed as a coordinated medical, chemical, 
and physical research undertaking. 

The economic cost of air pollution, expressed only in terms of losses that can 
be given a monetary value, is estimated as £250,000,000 a year, not including pos- 
sibly £50,000,000 per year more lost through incomplete combustion, one of the 
many causes of smoke. This estimate was made considering the direct costs, such 
as laundry and domestic cleaning, cleaning and painting of buildings, corrosion 
of metals, etc., and the loss of efficiency due to the effects on the soil, crops, ani- 
mals, transportation, and human illness. The estimate excludes all costs involved 
in the prevention of smoke, the effects on health (except as reduced working 
efficiency), the possible higher death rate, all the social consequences, and land 
value depreciation. Although the estimate is necessarily rough, the various items 
making up the final figure were computed, where possible, only after a great deal 
of study. Full particulars of the methods of estimate are given in the Report. For 
comparison, the over-all estimate is equivalent to £5 per head of population through- 
out Great Britain as compared with more than £14 per head of population in 
Pittsburgh, U. S. A. (most recent figure, excluding several items of direct cost 
and the whole of the loss of efficiency cost). 


MEASUREMENT OF POLLUTION 


Measurements are made in special investigations by the Fuel Research Station 
of the Department of Scientific and Industrial Research, and regular measurements 
are made by local authorities. Deposited matter (mostly rain water) is collected 
in a British Standard Deposit Gauge and analyzed for tar, combustible matter, 
ash, and some dissolved matter, the results being expressed in grams of deposit 
per square meter. It is admitted that this method is subject to many limitations, 
mostly meteorological. Sulfur dioxide is routinely collected with the use of a small 
stationary cylinder coated with lead peroxide and analyzed as lead sulfate. This 
method gives only a relative concentration. Volumetric samples are also routinely 
taken by absorption in hydrogen peroxide. Smoke measurements are made by a 
stain density-filter paper method and converted to a weight basis by calibration. 
This method is subject to some error. 


These measurements are made daily at from 50 to 700 places throughout 
Great Britain. The information obtained is used to identify local sources of ex- 
cessive pollution, to indicate changes in pollution over a period of years, to provide 
information for planning authorities, and to assist investigators studying the effects 
of pollution. 


INDUSTRIAL SMOKE 


The statement is made that no industrial, commercial, or domestic chimney 
need normally emit more than a light haze of smoke if the combustion arrangements 
are adequate and are properly operated. With some exceptions it is recommended 
that the emission of “dark smoke,” as defined by a density equal to or greater than 
Shade 2 on the Ringelmann Chart or by calibration of a suitable photometer 
measuring the optical density of the effluent, be prohibited by law in Great Britain. 
The exceptions are a total upper limit of six minutes of “dark smoke” in any period 
of four hours to make allowance for soot blowing and fire raking and the exemp- 
tion from the law of certain “scheduled processes” which are to be under the 
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control of a central technical inspectorate (the Alkali Inspectorate). These processes 
would be required to register annually and would be subject to inspection to ensure 
the best practicable means of control. The list, which can be extended or curtailed 
by the appropriate Minister, is recommended to include (1) metallurgical works, 
(2) power stations, (3) gasworks, (4) coke works, (5) ceramic works, and (6) 
lime works. The need for vigorous action to secure the development of satisfactory 
preventive measures in these cases is emphasized, with the object of dropping a 
process from the list when a suitable solution to its special problem is developed. 


To secure the adequate and proper operation of combustion operations, sweep- 
ing measures are advocated. The 40,000 hand-fired boilers now in use should be 
fitted with mechanical stokers or smoke-eliminating devices, the program to be 
financed in part under the Government Loan Scheme or by allowing the capital 
cost of new equipment to be charged against revenue for tax purposes, either 
spread over the life of the asset or entirely in the year in which the expenditure 
is incurred (to benefit the smaller firms). Training courses for firemen and 
boiler attendants leading to a certificate of competence are advocated to ensure 
the elimination of unnecessary smoke and the saving of fuel. Recording smoke meters 
of the optical densitometer type, installed in stacks with proper alarm systems, 
are recommended. 

GRIT AND DUST 

The elimination of grit and dust, independently of “dark smoke,” from boiler- 
plant effluents by the use of any and all types of air-cleaning equipment available 
is advocated. Accordingly, all solid-fuel-fired plants are to be required by statute 
to take all reasonably practicable steps to prevent the emission of grit or dust and 
to make regular measurements of grit emission to be reported to the local authorities. 
Every new industrial installation which is designed to burn pulverized fuel or solid 
fuel in any form at a rate of 10 tons per hour or more is to be required to pro- 
vide suitable grit-arresting equipment to the satisfaction of local authorities. All 
new equipment is again to be subject to the same financial assistance as smoke- 
arresting equipment. In determining the effectiveness of the air-cleaning equipment, 
it is recommended that sampling be undertaken to determine (1) the over-all 
efficiency (by weight) of the equipment, (2) the total effluent weight (pounds 
per day), (3) the concentration of solid matter in the effluent, and (4) the size 
characteristics of the escaping dust. 

The effect of chimney height on effluent dispersion is discussed from the fluid 
dynamics and the meteorological standpoint. To avoid downdrafts, a height equiva- 
lent to two and one-half times the height of the highest adjacent building is 
recommended, with a minimum height of 120 ft. advocated. Equations are given 
which predict ground concentration as a function of stack height, wind speed, 
strength of source, and velocity of efflux. Under average meteorological conditions, 
the maximum concentrations are said tc occur at about 10 to 15 times the height 
of the chimney for cold gases and at about 25 to 35 times the chimney height for hot 
gases. No maximum tolerable limits for grit-and-dust emission are proposed, since 
they must be related to the size of the plant. In the case of power plants, where 
even with electrostatic precipitators operating at 98% efficiency as much as 10 
tons per day of dust may escape, it is recommended that the new methods of 
different and less dusty combustion be employed. It is further recommended that 
no power plant operating with obsolete or inadequate dust-arresting equipment 
be allowed to operate after 1964. 
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POLLUTION FROM SPECIAL PROCESSES 


It is recommended that the special problems of pollution arising in the heavy 
chemical and allied industries be kept under the control of the Alkali Inspectorate. 
The industries covered are acid manufacture, sulfide ore smelting, the coal-car- 
bonization by-products industry, petroleum refinery and processing, the heavy 
chemical industry generally, certain metallurgical operations, and cement manu- 
facture. With regard to the cement industry, it is recommended that special attention 
be given to developing new methods of air cleaning, since the performance of elec- 
trostatic precipitators is greatly affected by the high water content of the kiln gases. 


SULFUR POLLUTION 


The coal and coke commonly used in Great Britain contain from 1% to 2% 
sulfur and the fuel oil from 3% to 4%. Accordingly, from the fuel used annually in 
Great Britain, it is estimated that the sulfur dioxide discharged to the air amounts 
to about 5,250,000 tons a year, an amount which is continually rising. The ob- 
vious step is removing the sulfur from the coal at the pits, and much is already 
cleaned at this point. However, there is an upper limit to the amount which can 
be removed with the use of current technology. The characteristics of coal for 
steam raising are discussed from the standpoint of coking properties, volatile 
matter, combustible matter, ash, moisture and sulfur content, size and range of 
sizes, and natural coal dust, as these properties affect air pollution. The removal 
of sulfur from fuel oil is reported to be too costly to be practicable. 

Methods of cleaning effluents of sulfur dioxide by washing are discussed, and 
present processes are reported to be 95% efficient but to cost as much as 8 s. 
($0.20) per ton of coal burned (0.06 d. per unit of electricity—$0.001 per kw-hr.). 
A process using ammonia, which is substantially cheaper, is under consideration 
by the British Electric Authority but has been slow to be put into operation. 
Since sulfur dioxide is one of the most harmful of all the polluting agents, it is 
the recommendation of the Committee that a cost of even 0.06 d. per unit of 
electricity should be incurred until research produces less expensive methods. 
It is shown that unless the washing process is at least 90% efficient the cleaning 
of the gases would not be effective, since the effective stack heights of power 
station chimneys would be lowered by the cooling of the gases. The value of the 
sulfur content of the recovered effluent is mentioned as a possible means of 
reducing the cost of more efficient cleaning. 


It is emphasized that over 75% of the sulfur dioxide emitted to the atmosphere 
is from industrial and domestic chimneys besides those of power stations and that 


the cost of recovering these corrosive gases would be prohibitive. Therefore 
intensive research into the problem is recommended. 


RAILWAY SMOKE 


Over one-seventh of the smoke discharged into the atmosphere is purported 
to be from railway locomotives, mostly shunting engines and stationary loco- 
motives used in normally high areas of pollution. The only complete answer to 
this problem is the replacement of coal-fired locomotives by electric, Diesel, or other 
smokeless methods of traction. Accordingly, the Committee recommends that the 
British Transport Commission change-over to Diesel engines be accelerated so 
that there would be no coal-fired locomotives used for shunting in any “black 
area” after 1960. Until the change-over is complete, it is recommended that 
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over-fire steam-air injectors be used in steam locomotives wherever possible to 
reduce the amount of smoke by supplying secondary air for more complete combus- 
tion. 

MOTOR-VEHICLE EXHAUST 


The contribution of exhaust gases from motor vehicles to the total volume 
of air pollution is reported to be relatively small, but it can reach considerable 
proportions locally in areas of heavy traffic congestion when the movement of air 
is restricted. The exhaust gases considered are carbon monoxide, sulfur dioxide, 
oxides of nitrogen, hydrocarbon, and aldehydes. Diesel engines are shown to be pro- 
ducing an unnecessary serious nuisance by smoke emitted at a low level. The 
enforcement of present regulations prohibiting the emission of smoke or visible 
vapor from motor-vehicle exhausts is recommended. 


DOMESTIC SMOKE 


Nearly half of all the smoke in the air in Great Britain comes from domestic 
chimneys and is produced mostly in the winter when foggy conditions are most 
likely. In addition, it is discharged at low levels, and thereby its harmful effects are 
accentuated. The extension of smokeless zones and a second type area—a “‘smoke 
control area”—is contemplated. The latter would be on a large scale, and domestic 
fuel users would be required to use only smokeless fuels, bituminous coal containing 
not more than 20% volatile matter, or manufactured fuels having similar smokeless 
qualities. It is recommended that smokeless zones and smoke control areas be pro- 
gressively extended throughout the “black areas” and that all tenants of new housing 
be required, as a condition of tenancy, to use only smokeless fuels. 


It is pointed out that in most cases of domestic heating there is no prospect of 
developing an open fire, or a stove which could take the place of an open fire, capable 
of burning bituminous coal smokelessly. Since gas, electricity, and oil are too 
expensive for large-scale use in Great Britain, the main substitute for house coal 
must be solid smokeless fuel, such as natural smokeless coal, manufactured fuels, 
coke-oven coke, and gasworks coke. Accordingly, it is recommended that (1) the 
National Coal Board attempt to increase the supply of natural smokeless coals and 
manufactured fuels, (2) the smokeless fuels used by plants which can burn bitu- 
minous coal be released for domestic use, (3) the coke production at gasworks be 
increased by priority carbonization of all forms of carbonizable coal, and (4) oil 
be used wherever possible by industry and public and commercial central-heating 
plants to release smokeless coal for domestic use in the “black areas.”” The whole 
problem of the provision of smokeless fuels is discussed, with the aim of replacing 
all of the 19,000,000 tons of bituminous coal burned per year domestically with 
smokeless fuel, primarily coke, within 10 to 15 years. It is emphasized that the 
price of coke per “therm” to the consumer will be less than that for coal, even with 
the rise in coke prices which would be expected. A thorough cost analysis is made 
to back up these claims, comparing various room-heating loads in different cities 
throughout Great Britain with respect to type of appliance and fuel used. 

Since improved appliances are necessary to burn coke satisfactorily, a gradual 
conversion to these appliances (which can burn coke but not coal smokelessly) is 
recommended, proceeding with the extension of “smokeless zones” and “smoke 
control areas” so that eventually 7,000,000 households will be converted. The sub- 
ject of domestic appliances is also thoroughly discussed. The new or “improved” 
type (able to burn either coal or coke and the latter at a one-third increase in effi- 
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ciency over coal) makes use of a “throat-restrictor” to reduce chimney air flow and 
thereby provide convection as well as radiation (for open fires). The cost of these 
conversions would be borne half by the Exchequer and half by the local authorities 
and the owner. Accordingly, a grant of £15,000,000 is requested for the first five 
years, 


LEGISLATION 


It is recommended that the Public Health Act of 1936, being very limited in 
smoke-abatement provisions, should be amended by new legislation, a “Clean Air 
Act,” which would replace all the existing statutory provisions relating to smoke 
pollution and which would be nationwide in effect. The proposals for this legislation 
include the following. 1. There should be prohibition of the emission of “dark smoke” 
from any chimney, including ships and boats (as described and with the exceptions 
noted previously). Three years would be allowed for necessary reequipping, with 
exemption certificates issuable yearly (for adequate reasons) but not after seven 
years from the passing of the Act. 2. The use of efficient grit-and-dust-arresting 
equipment should be obligatory (for the plants and with the provisions described 
previously). 3. Certain industrial processes (the “Scheduled Processes” described 
earlier) should remain under the control of the Alkali Inspectorate. 4. The pro- 
visions under local Acts that new industrial furnace installations may be approved 
by local authorities should be included in general legislation. 5. Railway locomotive 
smoke and colliery spoil-banks pollution should be included under the “dark smoke” 
provision, with enforcement by local authorities. 6. Local authorities should, under 
general legislation, have the power, subject to confirmation by the appropriate Min- 
isters, to establish “smokeless zones” and “smoke control areas” (with the pro- 
visions previously noted). 7. Financial aid should be provided toward the cost to 
house owners of converting appliances (as described previously). 8. Domestic 
heating appliances installed on new premises should be approved types. 9. The 
purchase tax (50%) on gas and electric room and water heaters should be removed. 
10. Except for Proposal 3, responsibility for the law enforcement should be the 
statutory duty of the local authorities. 11. Local authorities should be required to 
submit annual reports on the progress in smoke abatement to the appropriate Min- 
ister. 12. Penalties for smoke offenses should be increased (from £50 to £200 for a 
first offense and to £500 for subsequent offenses). 


In addition to the proposed legislation, other recommendations are made. 1. The 
British Standards Institution should prepare (a) codes of practice on the extent of 
practicable smoke reduction and the means of securing such reductions, (>) standard 
specifications of smoke indicators, recorders, and alarms, and (c) simpler standard 
methods of flue-gas sampling. 2. The use of Government funds for aiding in the 
acquisition of pollution-abatement equipment (as described earlier) is proposed. 
3. Other nonlegislative recommendations made throughout the report body should be 
followed. 4. Development and research work on the technical problems outstanding 
should be undertaken or accelerated. The problems included are the following. 

(a) More frequent and intensified measurements of pollution in the London 
area and in three or four other specified areas which are susceptible to severe 
“smog.” 

(b) Development of automatic recording instruments for measuring pollution 
by smoke, sulfur compounds, carbon monoxide, and other pollutants. 
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(c) Intensification of research directed toward the possibilities of 
(1) Reduction of the amount of sulfur in fuel before use. 
(2) Prevention of the release of the sulfur in the fuel into chimney gases. 
(3) Removal of sulfur from the chimney gases before discharge into the air. 


(4) Providing more information on the dispersion of sulfur compounds in 
flue gases after discharge from chimneys of various heights and in all 
atmospheric conditions and on the ultimate fate of the sulfur compounds. 

(d) Physiological effects of air pollution on health, particularly in relation to 
respiratory diseases, with the objects of identifying the substances responsible, 
determining their limiting concentrations, and developing preventive, protective, 


and remedial methods. In particular, the effects of combinations of sulfur dioxide 
and smoke should be studied. 


(e) Effects on the dispersal of pollution of chimney height, chimney design, and 
position of chimneys in relation to surrounding buildings, hills, ete. 


(f{) Development of cheaper and more efficient dust-arresting equipment for 
both large and small plants, particularly for dealing with the finest particles of dust. 


(g) Development of techniques and instruments for monitoring grit-and-dust 
emissions. 

(h) Development of improved techniques for the prevention of pollution from 
the special processes for which the Alkali Inspectorate is responsible, including the 
“Scheduled Processes.” 

(7) Prevention of harmful emissions from motor-vehicle exhausts, particularly 
of Diesel engines, by the development of improved designs of engine and fuel 
induction, the development of catalytic and other devices for effecting the more 
complete oxidation of the gases after leaving the engine, and the development of 
monitoring devices. 

(j) Prevention of combustion in colliery spoil banks and the controlled disposal 
of colliery wastes in order to prevent such combustion. 


(k) Production of solid smokeless fuels from other types of coal than those now 
used in gas and coke manufacture. 


(1) Development of more efficient and economical domestic appliances, including, 


if possible, appliances capable of burning bituminous coal without smoke, and better 
methods of installation. 


5. Local authorities should employ adequate smoke-control staffs, with the proper 
training and technical qualifications. 6. A “Clean Air Council” should be established 
to coordinate and encourage research work and to review the progress made in imple- 
menting any new legislation. 

In addition to all the work done by this Committee with regard to the air- 
pollution problem of Great Britain, the measures being taken in other countries, 
primarily the United States, for pollution abatement are described. In particular, 
the ordinances of St. Louis, the measures adopted by Pittsburgh and Allegheny 
County, and the special problems of Los Angeles are described. The general state of 
research undertakings in the United States is discussed. 


Davip M. ANDERSON, Boston. 
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THRESHOLD LIMIT VALUES FOR 1955 


Adopted at the Seventeenth Annual Meeting of the American Conference of 
Governmental Industrial Hygienists, Buffalo, April 24-28, 1955 


ALUES are given in the following tabulation for the maximum average atmos- 
pheric concentration of contaminants to which workers may be exposed for 
an eight-hour working day without injury to health. 


These values are based on the best available information from industrial experi- 
ence, from experimental studies, and, when possible, from a combination of the 
two. They are not fixed values but are reviewed annually by the Committee on 
Threshold Limits for changes, revisions, or additions as further information becomes 
available. Threshold limits should be used as guides in the control of health hazards 
and should not be regarded as fine lines between safe and dangerous concentrations. 
They represent conditions only within which it is felt that workers may be repeatedly 
exposed, day after day, without their health being adversely affected. It is felt, at 
the present time, that workers should not be exposed to a working environment 
containing any of these substances in excess of the value indicated. 


These values are not intended for use, or for modification for use, in the evalua- 
tion or control of community air pollution or air pollution nuisances. 


ESTABLISHED VALUES 
GASES AND VAPORS 


SUBSTANCE PPM* SUBSTANCE 


Acetaldehyde Carbon dioxide 


Acetic acid Carbon disulfide 


Acetic anhydride Carbon monoxide 


Acetone 


Acrolein Cellosolve (2-ethoxyethanol ) 


Acrylonitrile Cellosolve acetate (hydroxyethyl 


Ammonia acetate ) 


Amy] acetate Chlorine 


Amy! alcohol (isoamyl alcohol)... Chlorobenzene (monochloro- 


Aniline benzene) 

Chloroform (trichloromethane ) 
1-Chloro-1-nitropropane 
Chloroprene (2-chlorobutadiene) .. 
Butadiene (1,3-butadiene ) Cresol (all isomers) 

Butanone (methyl ethyl ketone)... Cyclohexane 

Butyl acetate (n-butyl acetate)... 200 Cyclohexanol 

Butyl alcohol (n-butanol) Cyclohexanone 

Butyl cellosolve (2-butoxyethanol) 200 Cyclohexene 


* Parts of vapor or gas per million parts of air, by volume. 
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PPM* 
100 Carbon tetrachloride .............. 25 
..... 200 7 
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400 
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SUBSTANCE PPM* SUBSTANCE 
o-Dichlorobenzene 50 (ethylene glycol monomethy! 
Dichlorodifluoromethane ......... 1,000 ether acetate) 
1,2-Dichloroethylene ............. 200 
Methyl chloroform (1,1,1- 
Dichloroethyl ether .............. 15 : c 
Dichloromonofluoromethane ...... 1,000 c 
(N-dimethyl- Methylene chloride (dichloro- 
Dioxane (diethylene dioxide)..... 100 Naphtha (petroleum) ........... 500 “ 
Ethyl acetate 400 Nickel carbonyl 0.001 
Ethyl alcohol (ethanol).......... 1,000 1 
Ethyl benzene 200 Nitrogen dioxide 5 
Ethyl chloride 1,000 Nitromethane ...... 100 
Ethylene dibromide (1,2-dibro- 1,000 
25 Pentanone (methyl propyl ketone) 200 
Ethylene dichloride (1,2-dichloro- Perchlorethylene (tetrachloro- 
0.1 Phosgene (carbonyl chloride)..... 1 
Fluorotrichloromethane .......... 1,000 sch aw 0.05 
5 Phosphorus trichloride ........... 0.5 
Heptane (n-heptane) ............ 500 Propyl alcohol (isopropyl alcohol) 400 
Hexane (n-hexane) ............. 500 Propyl ether (isopropyl ether).... 500 
Hexanone (methyl butyl ketone).. 100 Propylene dichloride (1,2-dichloro- 
Hexone (methyl isobutyl ketone).. 100 ss 75 
Hydrogen chloride ............... 5 0.1 
Hydrogen cyanide ............... 10 500 
Hydrogen fluoride ............... $ Styrene monomer (phenyl 
Hydrogen sulfide 20 Sulfur monochloride ............. 1 
25 1,1,2,2-Tetrachloroethane ......... 5 
Methyl alcohol (methanol)....... 200 Trichloroethyleme 200 
Methy! cellosolve (methoxy- Vinyl chloride (chloroethene)..... 500 
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TOXIC DUSTS, FUMES, AND MISTS 


MG. PER 

SUBSTANCE cu. 
Barium (soluble compounds)......... 0.5 
Chromic acid and chromates as CrO;.. 0.1 
Magnesium oxide fume............... 15 
Parathion (O,O-Diethyl-O-p- 

nitrophenyl thiophosphate) ........ 0.1 
Pentachloronaphthalene .............. 0.5 
Pentachlorophenol 0.5 
Phosphorus (yellow) ............... 0.1 
Phosphorus pentachloride ............ 
Phosphorus pentasulfide ............. 


MG. PER 

SUBSTANCE CU. 
Selenium compounds (as Se)......... 0.1 
Tetryl (2,4,6-trinitrophenyl- 

methylnitramine) .................. 1.5 
Trichloronaphthalene ................ 5 
Uranium (soluble compounds)....... 0.05 
Uranium (insoluble compounds)...... 0.25 


Radioactivity : For permissible concen- 
trations of radioisotopes in air see 
“Maximum Permissible Amounts of 
Radioisotopes in the Human Body 
and Maximum Permissible Concen- 
trations in Air and Water,” Hand- 
book 52, U. S. Department of Com- 
merce, National Bureau of Standards, 
March, 1953. In addition, see “Per- 
missible Dose from External Sources 
of Ionizing Radiation,” Handbook 59, 
Department of Commerce, National 
Bureau of Standards, Sept. 24, 1954. 


+ Milligrams of dust, fume, or mist per cubic meter of air. 


MINERAL 


SUBSTANCE MPPCFT 
Alundum (aluminum oxide)............ 50 
Carborundum (silicon carbide).......... 50 
Dust (nuisance, no free silica).......... 50 
Mica (below 5% free silica)............ 20 


t Millions of particles per cubic foot of air. 


TENTATIVE THRESHOLD LIMIT VALUES 


DUSTS 
SUBSTANCE MPPCFt 
Silica 
high (above 50% free SiO:).......... 5 
medium (5 to 50% free SiOz)......... 20 
low (below 5% free SiO2)............ 50 
Slate (below 5% free SiOz)............ 50 
Soapstone (below 5% free SiOz)........ 20 
Total dust (below 5% free SiO:)........ 50 


The following values are suggested for further consideration before being presented for 
adoption as established values. (§ marks materials added this year and for which bibliographic 
material has been prepared. The other materials appeared in last year’s report.) It is proposed 
that the entire list will be presented for adoption at the meeting of the American Conference 
of Governmental Industrial Hygienists in 1956, if no reason to the contrary is forthcoming. 


Aldrin (1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahydro-1,4,5,8-dimethanonaphthalene) 0.25 mg/M* 


Allyl propyl] disulfide 
Ammate (ammonium amidosulfate) 


2 ppm 

15 mg/ M* 


10 ppm 
0.3 mg/M# 


Chlordane (1,2,4,5,6,7,8,8-octachloro-3a,4,7,7a-tetrahydro-4,7-methanoindane)......... 2.0 mg/ M3 


§ Chlorinated diphenyl 
Crag Herbicide (sodium-2,4,dichlorophenoxy ethyl sulfate) 


0.1 ppm 
0.5 meg/M4 
15 mg /M* 
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D. (2,2-bis-(p-chloropheny])-1,1,1- trichlorethane) 2.0 mg/M* 
Dieldrin (1,2,3, 4 10, 10-hexachloro-6, 7, “epoxy. -1,4,4a,5,6,7,8,8a-oetahydro-1,4,5,8- 
Diisobutyl ketone pr 


om. 
EPN (ethyl-p-nitrophenyl thiono benzene 0.5 me/Ms 
Ethyl mercaptan 


250 ppm 
§ Ethylene diamine 10 ppm 
§ Hydrogen bromide 5 ppm 
§ Hydrogen peroxide, 1 ppm 
§ Hydroquinone ............... 2 meg 
Lindane (hexachlorocyclohexane, gamma 0.5 meg/M* 
Malathon (0,0-dimethyl dithio phosphate of diethyl mercaptosuccinate)........... 15 mg/ M$ 
Methoxychlor 15 meg 
Methy] isobutyl carbinol (methyl amy] ppm 
Molybdenum 


Organo mercurials (as mercury) 


0.01 mg/M® 
Perchloromethyl mereaptan 


0.1 ppm 

§ Propylene imine ....... 25 ppm 

Sodium hydroxide 2 meg /M* 


TEDP (tetraethyl dithiono pyrophosphate) 


0.2 
TEPP (tetraethy] pyrophosphate) 


0.05 mg/ M8 
P-Tertiary baty] 10 ppm 
Vanadium 


Beryllium: During the past few years, several papers have appeared in the literature which report a_ limit 


of 2y per cubic meter of air for beryllium. Among these is the paper by Van Ordstrand, H. S.: Berylliosis, 
A, M. A. Arch. Indust. Hyg. 10: 232-234 (Sept.) 1954, and one by Sterner, J. and Eisenbud, M.: 

Epidemiology of Beryllium Intoxication, 4. M. A. Arch. Indust. Hyg. 4:123-151 (Aug.) 1951. Conflicting 
data from industrial experience has caused the Committee to postpone the suggestion of a Threshold Limit for 
this material. It is apparent that more epidemiologic work is needed for the establishment of a definite value. 


Reference material has been prepared on each of the above substances and, 
though in some instances rather meager, is available for distribution. The committee 
would welcome suggestions of substances to be added and also comments, additional 
references, or reports of experience with these materials. 


L. Batu A. J. Vorwatp 
L. T. FAIRHALL Louts F. WELLER 
KincGsLey Kay ALLAN L. CoLEMAN, Chairman 


H. E. STOKINGER 
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Abstracts from Current Literature 


EpItep BY Dr. CHRISTOPHER H. Woop 


General 


INDUSTRIAL HyGIENE MILESTONES IN GOVERNMENTAL AGENCIES. 


Victorta M. TRAsko, 
Am, J. Pub. Health 45:39-46 (Jan.) 1955. 


The author reviews the factors responsible for the development of official occupational 
health programs and considers their present status and future possibilities. These programs 
developed in the United States under the stimulus of a multitude of emergencies, the first com- 
pensation laws and many of the early industrial hygiene agencies coming into existence between 
1900 and 1913. In the following years there was an apparent lag in development, with govern- 
mental agencies placing the emphasis on compensation rather than on prevention. The origins and 
functions of various state organizations and the role of the U. S. Public Health Service in 
their development are discussed. Since 1950 there has been a general retrogression in activity on 
the state levels, presumably due to financial and personnel problems. There has been an encourag- 
ing increase in activities at the local level, but many organizations have been limited in the 
scope of their activities to immediate problems of environmental health. Although there has been a 
certain amount of integration of these functions with other public-health programs, due to staff 
limitations little has been accomplished toward relating the working environment to such major 
problems as chronic disease and mental hygiene, and much remains to be done toward promotion 
of health services for small plants, which is the largest single problem in the field today. 


Max Bart, Boston. 


Some Issues Ratsep By Union HEALTH AND WELFARE PLANS. JOHN M. Brum, Am. J. 
Pub. Health 45:168 (Feb.) 1955. 


This article is a shortened version of a paper read before the 1954 Annual Meeting of the 
American Public Health Association and should be read in the original. The paper discusses 
the unions’ contributions to prepayment health plans and some of the characteristics of Union 
Health Plans. The major issues involved are discussed, and the author concludes: “The answers 
to these problems will depend partly on four factors: first, the effort unions will be willing to 
make to improve their effectiveness in this field by educating their staff and membership in an 
understanding of the medical and financial issues involved; second, the type of cooperation that 
can be engendered between physicians and labor leaders in meeting outstanding problems ; third, 
the extent to which legislative efforts will be successful in removing barriers to the growth and 
expansion of comprehensive prepayment plans and in aiding these programs to serve a significant 
portion of the population; and, fourth, the capacity of unions to maintain, along with their 
negotiated plans, an effective support for needed national health legislation.” 


Stupy oF Non-OccupaTIONAL DISEASES IN AN INDUSTRIAL H. Indust. 
Med. 23:403-408 (Sept.) 1954. 


Statistics on absenteeism due to nonoccupational diseases in a single company with 3720 
employees are presented. Sick benefits are paid by the company. The problem of unnecessary 
absence after recovery is discussed. Absenteeism could be amicably controlled if more serious 
attention were given to the problem. The losses in production, the unnecessary expenditure of 
millions of dollars, and the disruption of working schedules are but a few symptoms of the 
disease. Like any other disease, the basic therapy is prevention. The cooperation of the individual 
physician is urgently needed. Management should have the right to a closer check on the 
employee’s sick absence. Visiting nurses may aid in checking on the absentee and showing that 
the company is interested in his welfare. The problem should be brought before the unions, and 


their cooperation should be enlisted. Inpusr. Hive: Diecast. 
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SocraL AND OccUPATIONAL StuDY OF THE Causes, Cost AND PREVENTION OF INFECTIONS 
OF THE Hanp. Rutu Wirkes, Brit. J. Indust. Med. 11:269-278 (Oct.) 1954. 


In 1952 the author studied 151 consecutive patients with hand infections, who were sent to a 
hand clinic. Seventy per cent of the patients gave a definite history of injury with subsequent 
sepsis, while 30% could not remember an injury to the hand before the onset of infection. The 
commonest lesion preceding infection was that produced by knocking the hand against something. 
Blisters or piercing of the skin by splinters also frequently produced lesions which were com- 
plicated by sepsis. 

The average time lost from work by these patients was 24 days, but practically all of them 
returned to their old jobs. 

About one-third of the patients had some illness preceding the hand infection, and the infection 
developed in spite of early treatment of the injury. Prevention of hand infections by preventing 
injury, protecting the worker, and improving treatment is discussed in some detail. 


SHERMAN S. Pinto, Denver. 


MEDICINE IN THE FISHERY PROTECTION SeRvice. A. J. Bowb er, J. Roy. Nav. M. Serv. 
40:184, 1954. 


The British Fishery Protection Service provides the medical and ambulance facilities of a 
mine sweeper, subject to the limitations dictated by the shortage of space available aboard. 
The mine sweeper carries a medical officer and medical supplies. The first assistance is usually 
by radio, and an attempt is made to diagnose, advise, and prescribe from the small range of drugs 
carried in a trawler’s medical chest. When possible, follow-up reports are later obtained, but 
frequently there is a “once-for-all” encounter. When personal attention seems necessary, an 
attempt is made to rendezvous. If the case is serious, transfer to a civilian hospital is customary. 
A fairly wide spectrum of cases is met with, and there appears to be seasonal variations. Trauma 
is more frequent in bad weather and is partly conditioned by the age and experience of the crew 
and by the necessity for long hours of work on deck. 

The deep-sea fisherman's existence is extremely arduous and not infrequently dangerous. The 
mainspring of the industry is competition. The maintenance of a trawler at sea is a considerable 
expense, and the position of a skipper having a sick or injured man aboard is unenviable. In the 
absence of expert assistance, he must decide whether the condition of the patient demands a 
return to land, whereby he loses many valuable hours from fishing and adds to the company’s 
expenses. In keeping the patient on board, he must bear in mind that failure to land the sick 
man when really necessary may endanger the patient’s health, may cause loss of confidence 
among the crew, or may involve him in costly litigation. 

The author shows that there are certain ways in which the medical service to the fishermen 
might be improved. Firstly, it would be invaluable to the medical officer giving advice by radio 
if he could be certain that some standard drugs were available on board each trawler. The 
carriage of a sealed package containing, say, penicillin, an antihistamine, a sulfonamide, and a 
reliable sedative, to be opened by the skipper only on the express instruction of a medical 
officer, would provide some basis for temporary measures. Secondly, in the long-term view, the 
provision of specially designed and equipped ships for fishery protection patrolling seems 
essential. That this is possible is borne out by the German experience, and that it would be 
welcomed is evident from the reception given to any visiting physician at sea. It would more 
than justify itself in the greater sense of security of the fishermen and their families. 


REPORT FOR THE YEAR 1953. A. J. ORENSTEIN, CHIEF MEDICAL OFFIcER, Health Department, 
Central Mining-Rand Mines Group, 1954. 


The author speaks of himself when he writes, “There must be but few instances of a health 
project having been started and directed by the same person for 40 years.” And what a record, 
as the following statistics show! 


Mortality per 1000 Among African Mine Workers 


1913 1953 
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These figures are only comparable with each other, as the population at risk is an unusual one, 
composed of Africans coming to work in the mines for short periods and then returning home. 
Thus, there were 77,159 Africans employed in the Witwatersrand Gold Mines in 1953 with 
78,036 recruits, representing a labor turn-over of 101.1%. A sketch is given of how in 1914 the 
workers were housed and fed, with little effort at sanitation, with flies plentiful on garbage, 
and with bed bugs unnumbered. Scurvy often assumed minor epidemic frequency. There were 
only part-time physicians and untrained orderlies. Today there are whole-time physicians, with 
well-equipped hospitals staffed by trained male and female nurses. The pneumonia death rate 
moved from nine in 1913 to four and three in the next 15 years but slumped in 1939 when 
sulfonamide pyridine was introduced. The general improvement has been due to environmental 
hygiene and sound feeding. 


The cost of food per African per day was 3.5d. in 1933, 7.85d. in 1943, and 14.3d. in 1953. 
Cost per patient day in hospital moved from 6s. 2d. in 1944 to 16s. 7d. in 1953. Health costs 
money, but it means better work, less lost time, and fewer accidents; shifts lost per African per 
annum were 6.17 in 1943 and 4.65 in 1953. Newcomers have higher rates for sickness and 
accidents than more experienced workers; hence, a high labor turnover in any year will appear 
to send up these indices of health. The African workers stay so short a time in the mines that 
they do not contract silicosis, which is the outstanding trouble among European miners. 


We extend a word of congratulation to Dr. Orenstein. E. L. Corts [Bute. Hye]. 


On SitcKNEss ABSENTEEISM. L. Noro, read before the XI International Congress of Industrial 
Medicine, Naples, Paper 199, Sept., 1954. 


The study of the sickness absenteeism of approximately 250,000 employees in different types 
of occupations in Finland shows that the length of sickness absenteeism per person varies greatly 
in different occupational groups; the lowest figures were found among workers of a lower social 
class, the highest among municipal workers. An increase in sick days has been generally notice- 
able among the members of sickness benefit funds in the last 15 years, but in state services the 
highest level was noticed after World War II in the years 1945-1948. 


HYGIENE AND HEALTH IN THE PoRTLAND CEMENT INDUSTRY: INVESTIGATION IN THE 


ARGENTINE FactTorigEs. Ropotro A. VACCAREzZA, Guillermo Kraft, Ltd., Buenos Aires, 
1950. 


This is the report of an investigation made to determine the conditions provided to safe- 
guard the health of workers in the cement industry in the 11 establishments comprising the 
Association of Portland Cement Manufacturers. The work was planned to include studies of 
physical and hygienic condition of workplaces and clinical and roentgenological examinations of 
workers. The main body of the report is a detailed description, with statistical tables, of all 
the tests performed; this is followed by a literature review of similar investigations, mainly 
in the United States, and the author’s conclusions. By way of comparison, it is pointed out that the 
average concentration of dust particles found in United States cement factories by the U. S. 
Public Health Service reached 26,000,000 particles per cubic foot; under similar conditions 
the concentrations found in the Argentine works were of the order of 5,700,000 particles per 
cubic foot. The results of the medical investigations are arranged in comparative tables. A 
significant association was found between the incidence of rhinitis and average dust concentra- 
tions, but other factors, such as humidity and period of exposure, were involved. Roentgeno- 
logical examinations did not reveal silicotic fibrosis; the author reasons that cement dust fails 
to produce silicosis, because the fine hygroscopic particles agglomerate into inert masses on the 
lining of the nasal passages and fail to reach the bronchioles and the alveoli in an active state. 


This report will be of considerable value to those interested in the health of workers exposed to 


nen 
cement dust CONDENSED FROM BuLL. Hya. 


CRITERIA OF CAPACITY FOR WorK FOR PERSONS AFFECTED WITH PNEUMOCcONIOsIS. H. 
BASTENIER, Arch. belges méd. sociale hyg. 12:265-281 (July) 1954. 


Belgian law enacts that persons employed in certain listed occupations with exposure to dust 
must submit to medical examination before engagement and thereafter every two years. Industrial 
physicians are appointed to undertake these examinations. So far 10,254 workers have come under 
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observation, in addition to 115,035 miners whose examinations were performed under the terms 
of separate ordinance. Both employers and employees must follow advice given by the physician 
as to capacity for work on engagement and on return to work after any sickness absenteeism. 

The physician must decide whether any pneumoconiosis is present and whether it is com- 
plicated or simple. Complications may be due to tuberculous infection or to cardiac disturbance. 
Tuberculous infection is the most serious; it varies greatly according to the dust hazard, that 
from silica dust being the most important. Next comes asbestosis. The x-ray pictures of silicosis 
and asbestosis differ enough for one to be distinguished from the other. The shadows in asbestosis 
are more diffuse and free from nodules. Tuberculosis may be indicated by fatigue, loss of 
appetite and weight, and x-ray findings; apart from finding Mycobacterium tuberculosis, a 
further valuable sign is the rapidity of the blood sedimentation. Open cases of infection may be a 
danger to others and require segregation. Hypertrophy of the right ventricle, with cardiac 
incompetence, must be looked for; it may indicate the need for rest. 

When the pneumoconiosis is simple, regard must be had to the extent to which working 
incapacity is present, and this may be more difficult to decide than the clinical picture. Many 
workers with definite x-ray indications may be suffering no incapacity and may be allowed to 
continue at work under more frequent medical supervision than the two years demanded by law. 
Measurements of vital capacity by spirometer and the use of the bicycle-ergometer or other 
exercise test may help in determining capacity or dyspnea. Evaluation of capacity for work will 
frequently be the most difficult part of the industrial physician’s work. Estimations may depend 
upon physiological tests of function. When the clinical picture and the physiological capacity 
have been dealt with, there still remain psychological and economic factors to consider. In fact, 
the burden imposed by law upon the physician is heavy. EL. Couzs. 


OccuPATIONAL DISEASES IN FINLAND. L. Noro and V. Prrita, Duodecim 70:579-603, 1954. 

According to the reports of Finnish insurance companies, compensation was paid in a total of 
3544 cases of occupational disease in 1926—1950. In 1926—1930, only 127 were given compensa- 
tion. The figure then increased, being 1971 in 1946—1950. 


Skin diseases form the largest group, with 2410 cases or 68% of all cases. The most important 
causes of dermatitis were alkalies, cement, naphtha products, turpentine, chromates, and nickel 
compounds. Dowicide, a chloro-derivative of some aromatic hydrocarbons, used for preservation 
of wood, caused numerous cases of dermatitis in 1935—1939. Erysipeloid was surprisingly com- 
mon, accounting for over 20% of the dermatological cases in 1946—1950. Although the Work- 
men’s Compensation Law in Finland makes no provision for injuries due to synthetic resins, com- 
pensation has been paid for numerous cases of dermatitis caused by these substances. 

Carbon monoxide poisoning was very common after World War II. The increase was mainly 
due to the use of charcoal and wood generations in motor cars. 

The number of compensated cases of silicosis and lead poisoning has risen, owing to better 
diagnostic methods. 

Eye diseases account for 4% of all cases compensated. The majority of these cases occurred 
in the rayon industry and were mainly caused by hydrogen sulfide. 

The periodical variations in the figures in various trades depend on the introduction of new 
materials and working methods, which in some instances have caused real epidemics of occupa- 
tional diseases. This encourages attempts at increasing the effectiveness of preventive work, for 
instance, by inspection of new materials and notification of new cases of occupational disease. 

Comparing the number of compensated cases with studies made in workplaces, it seems quite 
evident that the real incidence of occupational diseases is considerably higher than is suggested 
by the official statistics of compensated cases. 

In 1946—1950, 24% of all compensated cases were diagnosed at the Institute of Occupational 
Health or its forerunner, the Clinic of Occupational Diseases, in Helsinki. In general, the more 
difficult the cases were to diagnose, the greater was the proportion of them that came to the 
Institute. 

The Workmen's Compensation Law should be amended so as to meet the requirements of 
industrial developments in an elastic way. 

The social significance of occupational diseases and the importance of preventive work are 
emphasized. 
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Occupational Diseases and Hazards 


By SEWER Gas wiTtH Unusuat SEQUELAE. L. J. Hurwitz and GwenetuH I. 
Tay or, Lancet 1:1110-1112 (May 29) 1954. 


Poisoning by sewer gas is now rare, but the occurrence of the case described here emphasizes 
the need for continual caution by sewer workers and the carrying out of safety tests—the simple 
ones recommended by the Ministry of Health (1934) and also testing with safety and detector 
lamps—before the sewer is entered. It also seems desirable that accidents, such as the one here 
recorded, should be made notifiable to the Ministry of Health. 

A sewer worker, aged 46 years, descended a 20 ft. manhole to investigate an obnoxious smell. 
On reaching the bottom he started to cough and splutter and felt dizzy. He began to ascend, 
but within 3 ft. of the top he became unconscious and fell to the bottom where he remained 
for at least 30 minutes before he could be brought to the surface. The clinical condition and 
course are described. The unusual neurologicai and cardiac sequelae which occurred and which 
were still manifest when the patient was seen three months after the accident were suggestive 
of pseudobulbar palsy and right bundle-branch block. 

There is little doubt that the poisoning was due to sulfureted hydrogen. Blood spectroscopy 
did not reveal sulfhemoglobin, but it is known that this substance is not demonstrated when the 
patient has been exposed to only moderate concentrations of the toxic gas. Under good ordinary 
conditions sewage does not contain sulfureted hydrogen, but when the sewage is strongly 
acidified, the gas is liberated. In this instance, chemical examination of the sewage showed that 
it was strongly acid (owing to the escape of a quantity of sulfuric acid into the sewer on the 
day of the accident) and that it smelt strongly of sulfureted hydrogen. 


M. E. DevaFietp Hyc.]. 


CurRONIc RESPIRATORY DISEASE IN THE INDUSTRIAL WorRKER. R. E. Lane, Tr. A. Indust. 

M. Off. 4:58 (July) 1954. 

Chronic respiratory disease, mainly bronchitis and emphysema, was the most important 
cause of disability found in a survey of registered disabled persons in the northwest region of 
Great Britain. A study of mortality rates showed that the fatal effects of these conditions were 
most frequent in the large cities and among the poorer classes of society. Men were affected more 
than women, but the female death rates followed the male rates in the various occupations, 
suggesting that a common factor, such as air pollution, is etiologically important. Dust encoun- 
tered at work also appeared to be a causative agent in some occupations. For example, coal 
miners were found to have a standardized mortality ratio 80% in excess of the ratio for all 
skilled workers. Cotton dust is another substance which has been responsible for a type of 
bronchitis, with asthma, in Lancashire. The author urges further research, employing clinical, 
roentgenological, functional, and epidemiological methods, in an effort to discover more about 
these diseases and to increase the possibilities of prevention. Joun PemBerton, Boston. 
ByYssINOSIS IN THE LANCASHIRE CoTTon INpustry. R. S. F. ScuriLtitine, Tr. A. Indust. M. 

Off. 4:61 (July) 1954. 

Byssinosis is characterized by tightness in the chest and dyspnea, developing on Monday 
mornings in certain workers in cotton mills. Those chiefly affected are the strippers and grinders 
who clean the carding engines. Although the disease is at first only manifest on returning to work 
after the week-end break, it is later present all the week round and becomes difficult to distinguish 
from nonoccupational bronchitis and emphysema, with bronchial spasm. The author mentions a 
survey of 200 cotton workers, with 100 controls, which he has conducted, the results of which 
are to be published later. He thinks the disease is the result of an allergic reaction to some 
constituent of cotton dust and not to simple irritation. Joun Pemserton, Boston. 


Cor Putmonate. R. M. Futon, Tr. A. Indust. M. Off. 4:62 (July) 1954. 


This paper gives the results of a study of 50 fatal cases of chronic pulmonary disease in 
which an autopsy was performed. Cases in which there was nonpulmonary cardiac disease or 
which had other significant nonpulmonary pathology were excluded. Congestive cardiac failure 
was the apparent cause of death in 20; acute respiratory infection, mainly bronchopneumonia, in 
16; and anoxia, in 10. The patients in the last group “faded away in a drowsy, disoriented state 
with muscular twiching,” presumably carbon dioxide narcosis. The actual lung diseases found 
at necropsy were the following: chronic bronchitis and emphysema, 38; chronic bronchitis with 
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emphysema and asthma, 4; bronchiectasis, 7, and pulmonary tuberculosis, 1. The author thinks 
that the fatal effects of chronic pulmonary disease are insufficiently recognized and quotes a study 
in Sheffield by Flint (Lancet 2:51, 1954) which showed that cor pulmonale was the commonest 
cause of heart failure in one large general hospital. With regard to the previous history of the 50 
cases, all but 4 were men, and the vast majority were heavy manual workers. 

Early treatment with antibiotics of acute infection in patients with chronic bronchitis is 


recommended. With regard to prevention, the author thinks that the abolition of air pollution 


holds the most promise. Joun PEMBERTON, Boston. 


INVESTIGATION INTO THE HEALTH Hazarps IN GaAs DISTRIBUTION IN SYDNEY. CyriL J. 
Cummins and Herspert E. G. Rayner, Division of Industrial Hygiene, Department of 
Public Health, New South Wales, 1953. 


A survey of the trade processes in the distribution of commercial gas has been carried out 
to determine the type and extent of the medical hazards existing in this branch of the gas 
industry and the effects of such hazards on the general health of those engaged in the industry. 
The principal, and indeed the only major, hazard was from inhalation of carbon monoxide. 

Acute Carbon Monoxide Poisoning—The possibility of acute gassing is well recognized by 
the industry and is greatest in the occupations where work has to be carried out on live gas 
lines. The workers most exposed to this risk are the service layers and certain members of the 
mains’ gangs. This latter group is provided with personal protective devices by all companies, 
but only the service layers of one company are issued personally with respirators. It is recom- 
mended that this practice be adopted by all companies. 

The authors were unable to find any medical sequelae or ill health resulting from previous 
attacks of acute or subacute carbon monoxide poisoning. 

Chronic Carbon Monoxide Poisoning —In this industry there is potential and, in the authors’ 
experience, actual repeated exposure of certain workers to concentrations of carbon monoxide 
greater than those accepted as safe working practice. Despite this, the authors were unable to 
determine any syndrome or ill health which could be attributed to chronic exposure to carbon 
monoxide. 

However, among this populace high blood pressure readings were common, and there was a 
definite increase in the age specific mean blood pressures when compared with other industrial 
populaces. This was more marked in the quinquennial age groups from 40 to 65. The mean blood 
pressure for that section of the survey group most exposed to carbon monoxide was not signifi- 
cantly higher than for the section with minimal exposure to carbon monoxide. 

The authors consider that the increase in mean blood pressures from the age of 40 is a 
reflection of the incidence of arteriosclerotic-hypertensive disease in these age groups, a trend 
which had been noted among other industrial populaces, particularly in the United States. 
Although the incidence of this type of disease was higher than that reported among other 
Australian industrial groups, it was comparable with the incidence among various American 
working populaces. The authors do not consider that occupational factors have had any 
influence on this rate in their survey population. 

General Health—The general standard of health of those employees examined was good, 
and the incidence of diseases and physical abnormalities of all systems other than the cardio- 
vascular system is given in the appendices. From THE AutHors’ SUMMARY. 
Some AsPECTs OF THE SILICOSIS PROBLEM IN SoutH Arrica. A. W. S. VERSTER, South 

African M. J. 28:841 (Oct. 2) 1954. 


Silicosis has received much legislative attention in South Africa; since 1911 no fewer than 
12 Acts have been passed by Parliament. The phenomenal expansion of the mining industry, 
the changing economic conditions, and the greater knowledge and experience of silicosis gained 
cver the years are mainly responsible for this. 

Although the fundamental principles of the Silicosis Act remain unchanged, certain important 
modifications have been introduced. Today miners who have silicosis in the first and second 
stages may continue in their occupations, and it is only when they have progressed to the third 
stage or have contracted tuberculosis that they must stop mining. 

The Silicosis Act defines silicosis as “a pneumoconiosis due to the inhalation of dust.” This 
definition would appear to be open to a very wide interpretation, but read with other provisions 
and definitions in the Act, the word is clearly intended to mean a specific disease caused by the 
inhalation of dust in a specified occupation. 
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Under the Silicosis Act silicosis in the first stage is compensable, even though the miner 
might not necessarily suffer any physical disability as a consequence of the disease. This 
ceparture from a generally accepted principle of compensation was originally based on the idea, 
now discredited, that removal of the patient at this stage from the dusty atmosphere would 
usually arrest the disease. Three main reasons for it are recognized: (1) the view that, although, 
it is unlikely that the miner suffers any real injury at this stage, it is nevertheless fair and 
reasonable to compensate him because of the risk that the disease may progress rapidly to the 
second and third stages; (2) the increased danger of contracting tuberculosis, and (3) the 
psychological shock suffered on his being informed that he has contracted silicosis. 

The Silicosis Act distinguishes between open and closed tuberculosis—open, when tubercle 
bacilli are found in the sputum, and closed, when the sputum is negative. The Act also stipulates 
that, on tuberculosis being diagnosed, the miner must immediately give up his work in dusty 
occupations. 

The South African Silicosis Bureau was established in 1916. Its duties are to examine miners 
to determine their fitness for work in the mines, to examine miners periodically for the presence 
of silicosis or tuberculosis, to examine miners receiving benefits, to examine and certify cases of 
silicosis and tuberculosis among laborers, and to certify as to the presence of these diseases in 
deceased miners. 

In the past this work was confined to the gold mines of the Witwatersrand, but recently it 
has been extended to include all mines in South Africa where it has been established that there 
is a risk of contracting silicosis. Recently also the activities of the Bureau have been extended 
further to include the examination and certification of miners suffering from pulmonary dis- 
ability sustained as a result of the inhalation of dust. Silicosis arising out of excavation work 
other than mining is dealt with through the Workmen’s Compensation Commissioner. 

The Bureau is a statutory body carrying out the provisions of the Silicosis Act and as such 
has had unique experience in the clinical and pathological aspects of the disease. 

Attention was first called to the danger of the dust hazard in the South African gold mines 
soon after the Boer War by the number of deaths among Cornish miners who, often after a 
comparatively short period of service underground in those mines, died in great respiratory 
distress. Postmortem examinations in these cases revealed typical advanced lesions of silicosis 
and tuberculosilicosis, often with evidence of cor pulmonale and active tuberculosis. 

Verster does not discuss the pathology or the clinical diagnosis, an aspect of the disease which 
has been dealt with fairly extensively in the literature on the subject. Stress, however, is laid 
on the decrease in the incidence of silicosis, the importance of the initial examination of recruits 
for the mining industry, and some of the less obvious aspects of legislation. The question of 
pulmonary disability needs clarification. 


INDUSTRIAL DISEASES OF THE Upper AIR PAssaGes. M. MARCHAND and J. Crorster, Arch. 
mal. profess. 15:259-267, 1954. 


This paper presents a number of diseases which may affect the upper air passages during 
industrial work. They are cited by the part affected. Lesions of the cartilaginous and mucous 
membranes of the nose may be either specific to industry or similar to those which occur other- 
wise. Rhinitis, acute and chronic, may follow the inhalation of a great number of dusts and 
fumes or hot dry air; hygroscopic dusts may cause perforation of the septum. The list is long. 
Atrophic or hypertrophic lesions of the pharynx often follow inhalations. The trigeminal area 
may be attacked by trichloroethylene vapors. The sense of smell is impaired far oftener than is 
recognized and calls for more observations. The larynx is susceptible to damage by certain 
substances which in some cases cause cancer. Chronic laryngitis may be associated with the 
pneumoconioses. 

The information is usefully gathered into tables dealing with the chemical industry, the textile 
industry, and a few diverse industries. One table deals with gases and fumes, and another 
refers to metals in dusts or fumes. Such tables may be of interest to anyone preparing a textbook 
on industrial hazards. 


Stupy OF THE Dust OF SORGHUM AS A PATHOGENIC AGENT. A. J. CHAUMONT and E. WEIL, 
Arch. mal. profess. 15:360-365, 1954. 


A man who for many years had worked at the unloading of grain ships came under notice 
with a respiratory syndrome of intense dyspnea and incessant cough, with abundant sputum. The 
grain, known as “dari,” was moved by elevators, but there was always considerable escape of 
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dust. The grain came from Syria and was a sorghum used as cattle food. Rest at home improved 
the man’s condition, and he resumed work away from exposure to dust. Examination of the dust 
showed about 30% of it to be of vegetable origin and the rest to be mineral. The vegetable 
portion contained hairs from the outside of the grain and grains of pollen. Some of the particles 
were as small as 24 at their narrow end. Some 55% of the sorghum dust was composed of silica 
(but whether as free silica or as an organic silicate is not stated). 

Hairs were found in sputum. The suggestion is advanced that long years of exposure to the 
inhalation of such cereal dusts will set up a pneumoconiotic condition, and one case is cited 
of a peasant woman whose lungs showed, after death from right heart failure, massive hard 
fibrosis. More of such autopsies are needed. Steps should be taken to minimize this dust hazard, 


if possible at its source of origin in Syria. Respirators, as at present supplied, cannot be con- 
sidered efficient. E. L. Coutis. 


Stupy OF THE INCIDENCE OF HYPERTENSION AMONG WoRKERS AFFECTED WITH LEAD 
PotsonNInc WHo Hap PREVIOUSLY SUFFERED FROM LEAD Cotic. A. Mazzovent, Med. 
lavoro 45:482-487 (Aug.-Sept.) 1954. 


The incidence of cases of hypertension is studied in a sample of 27 workers who had 
previously suffered from lead colic. 

The data collected show a rather remarkable incidence of hypertension (5 subjects out of 11) 
among workers reexamined after a lapse of more than 10 years from the first colic. 

For a statistical assessment of the results, a control was carried out on a sample of 11 workers 
who had never been in contact with Pb. Also a comparison was made between the percentage 
of hypertension encountered among workers affected with lead poisoning who had previously 
suffered from lead colic and the percentage of hypertension among the whole population (accord- 
ing to Weisz). 

Both comparisons permit assumption of the probable existence of a correlation between lead 
colic which occurred more than 10 years previously and arterial hypertension. 


From THE AUTHOR'S SUMMARY. 


CasE oF Sitticotic STONE Spittinc. E. W. BAApER, Arch. Gewerbepath. u. Gewerbehyg. 
13:58-72, 1954. 


The paper gives a detailed description of the case of an ornamental stonemason who had 
suffered from the rare disease of broncholithiasis (Erbsenkrankheit) and who had a very unusual 
history of this disease. After 26 years of work with sandstone, three times interrupted by a total 
of 11 years as a soldier, the patient first complained of shortness of breath at the age of 53 and 
was found to be suffering from silicosis. A number of examiners gave very diverse opinions 
on the degree of silicosis; temporarily the patient suffered from bronchiectasis, with high 
temperatures. 

During this time, and also intermittently later, the stonemason coughed up stones which could 
be identified as silicotic fibrous tissue indurated by hydroxyapatite and calcium carbonate. The 
stones ranged in weight from 5 to 150 mg. Their appearance, structure, and composition are 
described in detail. Two similar cases of broncholithiasis, also occurring among stonemasons, 
were found in the literature. 

Each time, after coughing up a lot of. such stones, the patient felt better, and his general 
health improved greatly during 1951-1953, the period of observation by the author. Thus the 
coughing up of indurated silicotic tissue must be considered as a kind of self-healing of the lung. 
No trace of organisms causing either tuberculosis or histoplasmosis could be found. 


G. NaGetscumipt [BuLt. Hy«.]. 


TWELVE YEARS’ ExPERIENCE OF CO Porsoninc. S. ALMGREN, Arch. Gewerbepath. u. Gewer- 
behyg. 13:97-131, 1954. 


In Sweden between 1937 and 1945 the incidence of CO poisoning was so high that it has 
been called “the Stockholm disease.” 

Almgren ascribes this to the fact that during the war the use of generator gas for auto- 

mobiles, military vehicles, tractors, and naval vessels involved the exposure to carbon monoxide 

: of 200,000 to 250,000 persons; in 1940 it was shown that about 60% of one series of these had 
symptoms of chronic CO poisoning. 
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A central laboratory for blood testing was established in 1941 and special “Gengas Clinics” 
from that year onward. The greatest number of acute cases occurred during the very cold 
winter of 1942, when difficult and delayed starting of cars involved exposure to exhaust gas 
containing 20 to 30% of CO. 

The filling and cleaning of gas containers carried a special risk. Most of these workers showed 
a blood content of more than 10% carboxyhemoglobin, and 29 out of 30 fatal cases in which 
postmortem examinations were performed showed CO saturation. 

Chronic CO poisoning is defined as a clinical syndrome following long-continued exposure, 
either intermittent or constant. 

The outstanding symptom has been excessive lassitude, described by the psychiatrist who 
investigated those cases showing predominantly nervous symptoms as “psychic exhaustion” due 
te a marked reduction in cerebral energy. This lassitude showed itself in weakness of the limbs, 
craving for sleep, loss of initiative, indolence, helplessness, lack of general muscular tone, and 
diminution of libido and was often accompanied by a mask-like facial expression and a 
monotonous voice. 

Another frequent symptom, giddiness, when investigated by an otoneurologist, was shown to 
be associated in many cases with organic vestibular injury. 

Other symptoms included the following: ocular disorders (disturbance of convergence and 
accommodation, diplopia, paresis of the eye muscles, and limitation of field of vision) ; headache ; 
cardiac disorders (dyspnea, palpitation, and air hunger, with positive ECG findings in one-third 
of the cases with subjective symptoms, one-fifth of those without) ; nausea and vomiting; loss of 
weight and appetite; difficulty in micturition; change of disposition, with loss of memory, dis- 
crientation, absence of mind, and poor judgment of distance leading to accidents; irritability and 
restlessness ; diminished tolerance to alcohol, and excessive perspiration. 

Blood examination showed no cases of polyglobulia but many of lymphocytosis. 

With regard to the prognosis of such cases, the author emphasizes both individual and acquired 
susceptibility. The chief impediment to resuming similar work after a period of nonexposure is 
the tendency to recurrent exhaustion and a permanent inability to stand strain, either physical or 
mental. Alternation of periods of improvement and deterioration is characteristic. 

With regard to treatment, in slight cases removal from exposure is usually sufficient. Vitamins 
B and C appear to be generally beneficial; calcium bromate or Saridone is prescribed for head- 
ache, acetylcholine and neostigmine (Prostigmin) for paresthesia. 

The author replies to criticism that attendance at the clinics and the financial loss involved 
in change of work have rendered the patients neurotic and that the ocular and aural symptoms 
have been overdiagnosed by giving details of the symptoms and pathological findings in five 
special cases. These cases included one of CO encephalopathy, with Parkinsonian syndrome; 
one of acute poisoning, with ocular sequelae after an interval of four weeks, and three chronic 
cases in which death from other causes allowed postmortem examination which 


revealed 
structural changes in the cortex, globus pallidus, and vestibular nuclei. 


ETHEL BrowNinG [Butt. Hyc.]. 


INNER Ear Symptoms CuHronic Carson Monoxipe Porsoninc. J. S. Lumtio, Arch. 
Gewerbepath. u. Gewerbehyg. 13:139-144, 1954. 


Giddiness, occurring as a subjective symptom in 84.8% of cases of chronic generator-gas 
poisoning in Finland, is often associated with otological disorders. 

Actual slight defect of hearing is present in only 47.9% of these cases and is usually less com- 
plained of than noises in the ears. 


An otological investigation undertaken by the author included tests of vestibular (equilibrium) 
and cochlear (hearing) function. 

Vestibular function was examined by the induction of nystagmus by the use of water at 
27 C., rotating the patient, sudden movements of the head in the lying position, and the use of the 
“tiptable” on which the patient kneels while the table is moved longitudinally or at an angle of 20 
degrees. 

Cochlear function was tested chiefly by the tuning fork, since the injury from gas poisoning 
is usually too slight to respond to the whispering test and has been confined to the higher tones, 
shown also by the audiometer curve as a gradual fall in the higher tone region. This “typical” 
auditory disturbance, which is bilateral and symmetrical, originates in the inner ear but is 
not necessarily a symptom of generator-gas poisoning; the author emphasizes that other factors 
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must be carefully excluded. It does, however, coincide in 90.2% of positive otoneurological cases 
with a reduction of the visual field. 

Recovery from vestibular symptoms takes place in slight cases in about two months and in 
moderately severe cases in four to six months, but defective hearing is generally permanent. 

The author states that the above results are not completely diagnostic in view of the difficulty 
in excluding all other factors; they can, however, help to confirm or deny the existence of chronic 


poisoning. 
COp ETHEL BROWNING [Butt. Hyc.]. 


MoRPHOLOGICAL AND FUNCTIONAL X-Ray Dracnosis oF Siricosts. O. Zorn, Beitr. Silikose- 
Forsch. 27:1-17, 1954. 


In an earlier paper the author described a new technique for x-ray examination. In this 
paper he presents more information on the method and describes an additional technique. In 
order to make x-ray examination a functional test, it is necessary to take x-rays at predetermined 
phases of the heart beat. An electrocardiograph exposure controller which has been developed 
is illustrated and described in detail. It allows the exposure to be set at a given heart phase and 
records the exposure on the electrocardiogram. It is also possible to take four successive 
exposures, of size 10 by 15 cm. (4 by 6 in.), in less than one second with the equipment and to 
have the exposure intervals recorded. The author concludes that the technical basis is now 
available and that further experience is necessary to prove the value of such functional x-ray 
CONDENSED FROM BULL. 


CLINICAL ASSESSMENT OF INDUSTRIAL LEAD Potsoninc. E. MrssMER, Med. Klin. 49:218- 
223 (Feb. 5) 1954. 


The author emphasizes the essential difference between lead encephalopathy due to poisoning 
by inorganic lead and the cerebral symptoms due to tetraethyl lead from gasoline. The symp- 
toms of each are described. The symptoms of tetraethyl lead poisoning are always acute and 
cerebral, while those of inorganic lead poisoning are chronic. True chronic poisoning by tetra- 
ethyl lead is practically unknown, because the amount of lead volatilized is small and because the 
compounds formed in the body are rapidly excreted. Some risk of lead poisoning, however, may 
occur in airplane tank attendants, especially during the cleaning of motor parts, when the 
burning of leaded gasoline may produce fine lead dust. The most reliable criterion in diagnosis of 
inorganic lead poisoning is the spectrographic analysis of blood. The “blue line” on the gums is 
found only in inorganic lead poisoning and must be carefully distinguished from a deposit of lead 
sulfide on the margin of the gums. Liver injury from direct toxic action on the liver cells is 
probable, but lead nephritis and arteriosclerosis can be associated with exposure to lead only in 
the sense of aggravation of any disorder of the kidneys or arterial association already present, 
and no causal association with peptic ulcer has been established. Supusr. Hive. howe. 
CoRTISONE THERAPY OF PHOSPHORUS PorsONING. C. FRANCKE, P. Rookus, and W. WEyYNE, 

Nederl. tijdschr. geneesk. 98:1071-1074 (April 17) 1954. 


In an attempted suicide, severe phosphorus poisoning resulted from ingestion of 6 gm. of 
rodent poison, equivalent to 150 mg. of yellow phosphorus. Prompt recovery followed institution 
of cortisone therapy. Fatty infiltration or signs of incipient postnecrotic scarring were notably 
absent in the liver specimen taken for biopsy on the 34th day of intoxication. 


From THE ENGLISH SuMMARY [BULL. Hyc.]. 


STUDIES ON THE MuTuAL RELATION BETWEEN EXPERIMENTALLY PRODUCED PULMONARY 
SILICOSIS AND TUBERCULOSIS. YOSHIBUMI IsutI, J. Sc. Labor 30:347 (June) 1954. 


In order to elucidate the relationship between pulmonary silicosis and pulmonary tuberculosis, 
0.1 mg. of tubercle bacilli of bovine type was injected intravenously into rabbits previously 
contracted with pulmonary silicosis, and also silica dust was inhaled by rabbits previously injected 
with tubercle bacilli. 

After carefully investigating the data of the above-mentioned experimental groups, in com- 
parison with those of the group simply with pulmonary tuberculosis as well as those of the group 
simply with pulmonary silicosis, the following results were obtained: 


1. Aspiration of silica dust facilitates the infection and occurrence of tuberculosis and 
accelerates the progress of tuberculous lesions exceedingly. 
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2. In the case of preexisting pulmonary silicosis complicated with tuberculosis, the tuberculous 
lesions are often of exudative nature, and the lesions of pulmonary silicosis are aggravated by 
the coexistence of tuberculous change. 

3. Consequently, as to the relation between the experimental pulmonary silicosis and the 
pulmonary tuberculosis, they have a mutual influence and can aggravate each other. 


From THE AuTHOoR’s SUMMARY. 


On a Dermatitis, So-Cattep “Gasu-MAKE,” AttTackinc Coat Miners. I. OHNO, 
- Kumamoto M. J. 6:108-121 (March 20) 1954. 


An investigation was made into the occurrence of a dermatitis among coal miners in Japan. 
< A total of 131 cases were collected, of which 70 were closely studied. Men working on the surface 
were not affected. The underground miners affected were working in wet surroundings in contact 
with mine water or damp pit props. The patients studied were divided into two groups: those in 
whom the dermatitis was generalized over the body and those in whom it was localized to 
parts susceptible to trauma—ankle joint, lower thigh, shoulder, or loin. The generalized eruption 
occurred as papules, indurated, red, and itchy; the papules might be single or in groups. The 
t localized type presented vesicies, eczematous and irritating. 

When mine water was centrifuged, the supernatant fluid was found bland, but the sediment 
was harmful. This sediment exerted an inflammatory action on the skin of rabbits and guinea 
pigs. Animals could be sensitized with sediment by patch testing or by intracutaneous, intravenous, 
or intra-abdominal injections; then they reacted to the supernatant fluid. The results of such 
tests are set out in tabular form. A large number of the miners who were not suffering with 
dermatitis proved to be sensitized to the sediment by working exposure. No effort to analyze the 
sediment is mentioned, but the suggestion is advanced that organic matter or microbic infection 
in the sediment may be at fault. The cases cleared up on cessation of exposure. 


E. L. Cortts. 


Industrial Toxicology 


TRICHLOROETHYLENE PorIsoNING. O. NAAstuNpD, Nord. med. 51:376-377, 1954. 

A short survey of the principal chemical and pharmacological characteristics of trichloro- 
ethylene is given. A case is reported, showing the symptoms of intoxication. The pyridine- 
alkali reaction described is supposed to be of great value in establishing the diagnosis of tri- 


chloroethylene poisoning. Cuem. Asst 


Action OF Dust FoRMED IN THE PRODUCTION OF FLUORESCENT LAmps. O. Y. MOGILEVs- 
KAYA, Gigiena i sanit. No. 4, 20-25, 1954. 


Dust from zinc beryllium silicate composition rapidly causes the formation of nodes in rat 
lungs. Beryllium oxide dust produces a similar effect but more slowly, and zinc oxide dust does 
not produce this effect at all but does cause a sclerotic process. Dusts of this type are used in 
fluorescent lamp production, and warnings for suitable health protection are given. 


Inpust. Dicest. 


CHANGES IN BLoop PROTEIN FRACTIONS IN INTOXICATION WITH CARBON DISULFIDE. 
Lysina, Gigiena is sanit. No. 5, 52, 1954. 


G. G. 


Carbon disulfide intoxication leads to a decline of blood protein to 6%-6.5%, with an increase 
of the globulin fraction and a decrease of the albumin. Fibrinogen remains near the lower limits 
of normality. This indicates a disturbed liver function. Erythrocyte sedimentation is retarded. 


Cuem. Asst. 


CarRBON DISULFIDE IN ANIMAL Boop. K. MryaGawa, Shikoku acta med. 4:210-216, 1953. 


When dogs were submitted to inhalation of carbon disulfide vapor (0.2 to 1 mg. per liter), 
the difference of concentration in arterial and venous bloods comes to zero in a short time, and 
at a lower concentration of carbon disulfide the venous blood becomes higher in concentration 
than the arterial blood. When the vapor inhalation is stopped, the carbon disulfide concentration 
is higher in the vein and becomes negligible in a short span of time. The carbon disulfide con- 


centration in the blood dealt with is 0.5 to 3 y per gram of blood. —— 
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Determination of Air-Borne Contaminants 


PHOTOCHEMICAL OzONE FORMATION WITH HypbROCARBONS AND AUTOMOBILE EXHAUST. 
A. J. HaaGen-Smirt and M. M. Fox, Air Repair 4:105-108 (Nov.) 1954. 


Using as a standard hydrocarbon 3-methylheptane, the concentrations of nitrogen dioxide and 
hydrocarbon at which photochemical ozone formation occurs were determined. It was observed 
that the longer, straight-chain hydrocarbons caused greater ozone formation. Smaller carbon 
chains were inactive. Automobile exhaust gases, when irradiated, formed ozone photochemically, 


and comparison with Los Angeles smog samples proved that the real product and the “synthetic” 
yroducts were very similar. 
W. L. Avrett, Boston. 


New DEVELOPMENTS IN AiR CLEANING. LESLIE SILVERMAN, Am. Indust. Hyg. A. Quart. 
15:183 (Sept.) 1954. 


The author discusses the latest trends in commercially available air cleaning apparatus, 
including dry and wet inertial collectors, filter media composed of mineral, cellulose, and syn- 
thetic fibers, and electrostatic air cleaners. Experimental studies on electrostatically charged 
fiber beds and a critical evaluation of commercial “self-charging” filters are reported. 


RicHArD DENNIs, Boston. 


PREPARING Dust SAMPLES FOR Microscopic EXAMINATION: NOTES ON A NEW METHOD. 


C. D. Yarrer, H. J. Pautus, and H. H. Jones, Am. Indust. Hyg. A. Quart. 15:206 (Sept.) 
1954. 


The authors describe a technique for preparing permanent slides for membrane samples of 
air-borne dust. Filters are dissolved in acetone and a small aliquid placed upon a second mem- 
brane filter. Reprecipitation of cellulose ester, due to rapid evaporation, fixes dust particles in a 
random pattern and produces a permanent transparent mounting. Although the procedure permits 


dilution of samples too dense to size or count, an erroneous conception of aggregate formation 
may result. RicHaArpD DENNIs, Boston. 


RELIABILITY OF COMBUSTIBLE GAs ALARMS. R. A. RANDALL and N. A. Hunstap, Am. Indust. 
Hyg. A. Quart. 15:261 (Dec.) 1954. 

Performance data for seven different, continuous gas sampling and recording instruments are 
reported. Only two of the devices were considered acceptable; remaining instruments showed 
Circuit instability and erroneous gas concentrations. Regardless of equipment selection, the 
authors recommend daily inspection and weekly checks on known air-fuel concentrations. 


RicHarp DENNIs, Boston. 


ANALYSIS OF MICRON-S1ZED ParticLes. JAMES P. LopGe, Analyt. Chem. 26:1829 (Nov.) 1954. 


The commercial filter material Millipore was utilized as a medium for sampling and analyzing 
particles in the micron-sized range. Studies of ammonium, calcium, and magnesium ions, halides, 
sulfates, and nitrates indicate that the technique is suited for identification of atmospheric 


particulate matter. From THE AuTHOR’s SUMMARY. 


EXTENSION OF THE GELATIN METHOD FOR THE DETECTION OF MICRON-SIZED PARTICLES. 
James P. LopGe Jr., Analyt. Chem. 26:1829 (Nov.) 1954. 


Application of the gelatin technique has been extended to the detection of calcium, nitrate, 


gnd sulfate ions in air-borne fine particles. From THE AUTHOR’s SUMMARY. 


CONTROLLING Factors IN IDENTIFICATION OF MICROSCOPIC CHLORIDE PARTICLES WITH 
SENSITIZED GELATIN Fits. Frances D. PipGeon, Analyt. Chem. 26:1832 (Nov.) 1954. 


An extensive investigation of the use and the limitations of the sensitized gelatin film for the 
identification of microscopic chloride particles included study of the effects due to variations in 
the preparation and the thickness of the sensitized gelatin film, methods of sample collection, 
temperature, and examination techniques. The relation of particle size to halo size and growth 
and fading rates for sodium chloride particles are presented. 


From THE AvuTHOR’s SUMMARY. 
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COLORIMETRIC MICRODETERMINATION OF NITROGEN DIOXIDE IN THE ATMOSPHERE. BERNARD 
E. SaLtzMAn, Analyt. Chem. 26:1949-1955 (Dec.) 1954. 


The determination of nitrogen dioxide in the atmosphere has heretofore been hampered by 
difficulties in sample absorption and lack of specificity. A new specific reagent has been 
developed and demonstrated to absorb efficiently in a midget fritted bubbler at levels below’1 ppm. 
The reagent is a mixture of sulfanilic acid, N-(1-naphthyl)-ethylenediamine dihydrochloride, and 
acetic acid. A stable direct color is produced with a sensitivity of a few parts per billion for a 
10-minute sample at 0.4 liter per minute. Ozone in fivefold excess and other gases in tenfold 

Z excess produce only slight interfering effects; these may be reduced further by means which 


are described. 
From THE AUTHOR'S SUMMARY. 


Nitrous FuME ABsorpTIOMETER. D. V. Srnkinson, Chem. & Indust. 2:1003-1004 (Aug. 14) 
1954. 

An instrument to measure concentrations of nitrogen dioxide is described. The estimated 
lower limit for the device is about 3 ppm. It operates on the principle of an electrical unbalance 
caused by unequal sensitization of two barrier cells when comparing clean air and contaminated 
air simultaneously within the instrument. The instrument must be balanced on clean air. 
To assist in the stabilization of the instrument, the sampled air is kept at a constant temperature 
ae _ ina water bath. The technique is specific for nitrogen dioxide in the absence of other colored 
gases, particulates having been removed from the sampled air by a filter. 


I. L. BEAucHAMP, San Diego. 


Two PorTABLE Pumps FoR Fuet SamputinG. E. A. B. Birse, Chem. & Indust. 2:1250-1252 
(Oct. 9) 1954. 


The first portable (28 lb.) field sampling pump described in this article uses a spring-powered 
phonograph motor to drive the bellows of a dry gas meter. Volumes of 0.05 to 0.08 c.f. m. are 
obtained with one winding each 15 minutes. The second unit uses a solenoid-driven automobile 
fuel pump (diaphragm type) powered by small storage batteries. Volumes of 0.1 to 0.2 c.f. m. 


can be maintained for periods ours. 
or periods up to three or four hours 


ANALYSIS OF FLUE GASES WITH A MopiFIED HALDANE Apparatus. R. M. Stmpson, Chem. 
& Indust. 2:1415 (Nov. 13) 1954. 

In repetitive analysis of small volumes of process gases by the Haldane pipette, absorption of 
part of the carbon dioxide by the potassium hydroxide during the leveling operation caused a 
significant error. The use of an auxiliary leveling tube containing 1% sulfuric acid eliminates this 
error when dealing with samples high in carbon dioxide (i. e., 10%). 

C. E. Boston. 


LABORATORY PERFORMANCE OF Fasric Dust aND FuME Cotvectors. CHARLES FE. BILLINGS, 
Me W. First, RicHARD DENNIs, and LESLIE SILVERMAN, Report NYO-1590, Air 
Cleaning Laboratory, Harvard University School of Public Health, Aug. 31, 1954. 


Three representative commercial fabric-dust collectors have been investigated to determine 
fundamental operating characteristics. These characteristics include resistance, collection 
efficiency, type of fabric, effectiveness of cleaning mechanism as related to aerosol characteristics, 
dust loading, and filtering velocity. One collector tested employed intermittent cleaning of sateen- 
weave cotton filter bags by mechanical shaking without air flow. Another collector utilized con- 
tinuous cleaning of a wool-felt filter bag by means of a high-velocity jet of reverse flow air 
blown through the media from a traversing ring on the clean air side. No interruption of primary 
air flow occurred during cleaning. The third collector tested contained four compartments, with 
provision for automatic cleaning by rapping each compartment separately while back flow air 
was admitted to the bags (sateen-weave cotton). During rapping of bags in one compartment, 
primary air flow was maintained by the other three. Comparison of performance of these three 
collectors showed that the intermittently cleaned unit had high collection efficiencies, with low 
resistance and filtering velocity, but had large variations in resistance with heavy dust loadings ; 
the reverse jet unit had moderately high collection efficiencies, was capable of high filtering 
velocities, and its resistance was relatively independent of dust loading; the periodically cleaned 
collector had the lowest collection efficiencies and the highest operating resistances at moderate 


filtering velocities. Nuc ear Sc. ABSTRACT. 
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Ventilating, Air Conditioning and Engineering Control 


EVALUATION OF LABORATORY FuME Hoops. H. F. Scuutte, E. C. Hyatt, H. S. JorpDAn, 
and R. N. MitcHe.t, Am. Indust. Hyg. A. Quart. 15:195 (Sept.) 1954. 


Design criteria, based upon field studies, are presented for ventilation hoods in radiochemical 
laboratories. Photographs and aerodynamic characteristics are furnished for hoods commonly 


used at Los Alamos. RicHARD DENNIs, Boston. 


VENTILATION REQUIREMENTS FOR CIGARETTE SMOKE. C. P. YAGLOou, Paper Presented at 61st 
Annual Meeting of the American Society of Heating and Air-Conditioning Engineers, 
Philadelphia, January, 1955. 


The purpose of this study was to determine the quantities of outside air required to control 
the disagreeable effects of cigarette smoke on the olfactory system, eyes, nose, and throat in an 
experimental smoking room under comfortable heat conditions. 

An outside air supply of 35 to 40 c. f. m. per smoker was required in order to remove objection- 
able odors of fresh cigarette smoke, as judged by observers upon entering an experimental 
smoking room (10.0 by 15.5 by 9.25 ft.) from clean air. The rate of smoking was kept constant 
at about 24 cigarettes per hour. 

Nonsmoking subjects, who merely inhaled the smoke in the air, considered as acceptable an 
outside air supply of 25 c.f.m. per smoker. The smokers themselves were incapable of per- 
ceiving the smoke odor, as such, regardless of air flow. But they were more susceptible to 
irritation of eyes, nose, and throat than the nonsmokers or observers when the ventilation became 
deficient. 

Distinctly unhealthful conditions resulted when the air supply was reduced to less than 15 
c.f.m. per smoker, with headaches, smarting and watering of the eyes, irritation of the nose and 
throat, a feeling of depression, and a loss of concentration power for reading among both smokers 
and nonsmokers. 

The carbon monoxide concentration was much too small to affect the nonsmoker, even at the 
lowest air flow of 5 c. f.m. per smoker, when the room was filled with bluish smoke. 

There is no way to ascertain now whether the ventilation requirements for controlling smoke, 
odor, and irritation effects are in fact adequate to protect a nonsmoker from possible effects of 
nicotine and of other poisonous smoke ingredients of unknown toxicological thresholds. 


From THE AuTHOR’s SUMMARY. 


Legal Medicine 


Mepico-Lecat Aspects OF INDUSTRIAL DEAFNEss. C. STEWART Nasu, Compens. Med. 
6:4-7 (June-Aug.) 1954. 

The treatise reviews briefly the origin and growth of workmens’ compensation with respect 
to industrial deafness. Two cases from the New York State Court of Appeals of fundamental 
significance in establishing the present status of industrial deafness as a compensable entity are 
abstracted and presented with pertinent comments by the author. There follows a succinct state- 
ment of the seven cardinal premises which should form the basis for establishment of a claim 
for compensation arising from occupational deafness. The article concludes with a brief con- 
sideration of the unsolved problems relevant to occupational deafness, viz., (1) What is the epi- 
demiology of this disease and what should be done to eliminate the hazards of harmful noise? 
(2) What methods of clinical testing are best suited to evaluation of alleged occupational deaf- 
ness for compensation purposes? and (3) What is the “proper time interval” required to ensure 
maximal recovery of auditory acuity subsequent to removal from noise exposures of varying 


durations : Rosinson, Boston. 


WorKMEN’s COMPENSATION STATISTICS: GLOSSARY OF TERMs. International Association of 
Accident Boards and Commissions, May, 1954. 

A number of simple-sounding terms, such as “work accident,” “work injury,” “waiting period,” 
“permanent-total disability,” and “closed case,” are subject to varying interpretations and have 
been used differently in different states. The purpose of this glossary is to clarify the definitions 
of these words and to provide a basis for uniform terminology. The definitions are subject to 
revision in the light of experience, and more terms will probably be added in the future. 


Inpust. 
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Radioactive Substances and X-Ray 


RADIOACTIVE Dust AND GAs IN THE URANIUM Mines or Utan. E. Morrite 
Am. Indust. Hyg. A. Quart. 15:269 (Dec.) 1954. 


A survey of 75 mines, mostly two- to five-men operations, showed generally excessive con- 
centrations of radon and radon degradation products. The author recommends installation of 
mechanical ventilation and use of protective equipment in all such mines. 


RicHARD DENNIs, Boston. 


CoMPARISON OF COMPUTED AND MEASURED GROUND-LEVEL Dose RATES FROM RADIOARGON 
EMITTED BY THE BROOKHAVEN REAcTOoR STACK. IRVING A. SINGER, Report BNL-292, 
srookhaven National Laboratory, May, 1954. 


The nuclear reactor at Brookhaven National Laboratory is air-cooled, and consequently 
measurable amounts of radioargon (A*!) are emitted into the atmosphere. By a combination of 
theory and experimental data obtained from oil fog concentration measurements, an approximate 
solution to the problem of determining dose rates from the radioargon under various meteoro- 
logical conditions has been obtained. The calculated values are compared with measured weekly 


and hourly values of A‘! at eight stations. Nucieae Sc. Aper 


MopIFICATION OF RADIATION L. O. JAcosson, Bull. New York Acad. Med. 30:675- 
692 (Sept.) 1954. 


Whole-body exposure to ionizing radiations in the lethal or midlethal range produces wide- 
spread destruction of certain tissues in the body, such as blood-forming tissue, the gastrointestinal 
tract, and the gonads. Death may be related to injury of one or more tissues and organ systems, 
but the destruction and delayed recovery of blood-forming tissue is considered to be one of the 
more critical. A number of prophylactic measures, such as the injection of cysteine and gluta- 
thione just prior to irradiation, will reduce mortality. These materials have no beneficial effect 
if given afterward. Measures that in effect are instituted after lethal irradiation, e. g., spleen- 
shielding or the injection of spleen cells, suspensions of spleen or embryo cells, and bone marrow. 
increase survival and hasten recovery of blood-forming tissue. The mechanism of this striking 
effect is unknown. 

The possibilities considered are the following: (1) detoxification of some radiation-produced 
toxin; (2) seeding of the animal with injected cells that multiply and repopulate tissue, such 
as the bone marrow, and (3) production of a humoral substance or substances by the shielded 
or injected cells which bring about functional reconstitution of the inhibited cells and initiate 
regrowth of vital tissues. On the basis of a number of observations, including the pattern of 
histologic recovery in spleen-shielded animals, and the fact that heterologous tissue (i. e., rat 
to mouse) effectively enhances the survival of irradiated mice, the humoral theory seems the 


most acceptable. From THE AuTHOR’s SUMMARY [INDust. Hyc. Dicest.]. 


= 
7 
a 
1p 
q ob 
a. 
539 
= 


Books 


Industrial Dust. Second edition. By Philip Drinker and Theodore Hatch. Price, $10.00. 


Pp. 401, with 148 illustrations. McGraw-Hill Book Company, Inc., 330 W. 42d St., New 
York 36, 1954. 


The second edition of “Industrial Dust” comes at a time when the evaluation and control of 
air-borne impurities have become a major topic of interest to industrial managers, engineers, 
hygienists, and the general public. The book is a valuable summarization of the essential facts 
in this field. The authors are particularly well qualified for their task, and it is evident through- 
out the book that they speak from a wealth of personal experience and with considerable 
authority. The book is particularly useful because of this frequent evaluation of the material 
presented, and it thereby gains in practicality and direct application to the dust problems con- 
fronting the engineer and hygienist. 

“Industrial Dust,” since its first publication 18 years ago, has been a standard work of refer- 
ence because of its completeness in covering the field. The second edition has been considerably 
revised and extended to include much of the important work done by the authors and others in 
the intervening years. The subject matter is treated in an interesting and comprehensive manner, 
and there is included a valuable bibliography and an index of authors and subjects. 

The first chapter is devoted to definitions and to physical properties of particles. The term 
“dust” is used to designate particles formed by mechanical disintegration. “Fumes” and “smoke” 
are used for particles formed by processes such as combustion and subject to flocculation. Settling 
under gravity in still air has been fully treated, and other aspects of particle physics have been 
covered in sufficient detail to include the most important research in this field during recent 
years. Since the book deals largely with industrial dust, the smoke problem and the matter of 
atmospheric pollution have received less emphasis. 

Chapters 2 to 7 deal with the hygienic aspects of industrial dust. The subject is covered in 
considerable detail, yet brief enough for easy reading and understanding. It should be mandatory 
reading for anyone responsible for exposing men to any kind of dust condition. It tells how to 
recognize a potential dust hazard and how to evaluate the degree of contamination. 

Chapters 8 and 9 cover the determination of dust concentrations. The methods commonly 
used in hygienic work are described and discussed as to their merits and shortcomings. The 
comparison between the results of different methods is particularly interesting and valuable. It 
explains the standards advocated by various agencies in the field of industrial hygiene and the 
difference in the results obtained. Since most American standards refer to the Greenburg-Smith 
Impinger, the results are not directly comparable with those obtained by the konimeter used 
in most European countries. 

Chapter 10 is devoted to the important subject of particle-size determination. The methods of 
collection and measurement used in industrial hygiene are described in detail, whereas others, 
such as screening, sedimentation, and elutriation, are covered only briefly. The chapter ends 
with a discussion of various methods in particle statistics. 

Chapter 11 describes the chemical and mineralogical analysis of dusts. Techniques are treated 
briefly, and reference is made to the extensive literature on the subject. 

Chapters 12 to 17 deal with the methods and equipment for dust control. The chapter on the 
design of local exhaust systems contains a wealth of information based on recent studies and 
even in its condensed form is exceptionally complete. General rules are set down for preventing 
the propagation of dust-laden air; various types of hoods and enclosures are discussed; and 
equations are given for calculating air requirements, pressure drop, etc. The information would 
enable a plant engineer to determine the effectiveness of his systems and to improve them where 
control is not adequate. 

The chapters on the cleaning of air discuss briefly the most commonly used types of equip- 
ment. Discussion of the controversial question of air-cleaning efficiency and testing methods is 
limited largely to comparative tables. While they are quite helpful, the reader must keep in mind 
the diversities of the problems and the differences in measuring techniques. The last chapter is 
a brief review of dust respirators and air masks, their development, performance, and cost. 

The book is an invaluable source of information to anyone concerned with the matter of dust 
and the problems which it creates in hygiene and plant management. It should receive wide 
attention, because it can materially contribute toward abating the dust nuisance and providing 
healthful working conditions in our industrial plants. W. G. Frank, Louisville. 
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eo Solution of UNDECYLENIC ACID 


Wel Pharmaceutical Division Cures average case in one to three weeks 


WALLACE & TIERNAN INCORPORATED, Belleville 9, N. J., U.S.A. 
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instant 
first aid for 


| snake bite 


...the new and improved 
Saunders’ Snake Bite Kit, 
exclusive with (i), ... 


When a poisonous snake strikes, suction must be applied sm- 
mediately. Venom must be prevented from spreading through 
the body. The new, improved Saunders’ Snake Bite Kit provides 
instant first aid with the right kind of suction—controlled and 
increased as desired. Easily and quickly administered, by the 
victim alone if necessary. Kit provides everything needed 
for emergency first aid: tourniquet, lancet, ammonia inhalants, 


iodine swabs, adhesive bandages, Saunders’ venom- 
suction pump with two adapters. Write for data. 


* Patented 


Meo pronounced EM-ESS-CO 
Medical Supply Company 


Rockford, Illinois - In Canada, it’s Safety Supply Co. 


[ 


integrate 

your knowledge 
by reading these 
related specialty 
journals... 


Archives. | 
A. M. A. 
Archives 
of 
INDUSTRIAL 
HEALTH 
A. M. A. 
Archives of 
PATHOLOGY 


A. M. A. 


Archives of 
DERMATOLOGY 


Designed to save 
you hours of reading 

time through visual pres- 

entations . . . to provide you 

with timely tips every month . . . 

to place useful information at your 
finger tips, leaving less information 
on your reference shelf. 


Write for subscriptions to: 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Ill. 


Dept. (1. M.) 
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control 


of 


Luminal and Luminal Sodium —time-tested, effective dampers of 
cortical overactivity —control emotional turbulence, restlessness and 
hyperirritability promptly and for prolonged periods. 


FOR ORAL USE: 
LUMINAL OVOIDS 
Distinctive Sugar Coated Oval Shaped Tablets 
Easy Color Identification of Dosage Strength 
e 14 grain (yellow) 
e 14 grain (light green) 
e 11% grains (dark green) 
. . LUMINAL ELIXIR (14 grain/teaspoonful) 


FOR PARENTERAL USE: 
. .. LUMINAL SODIUM 
Hypodermic Tablets of 65 mg. (1 grain). 
Ampuls (powder) of 0.13 Gm. ( 2 grains) and 0.32 Gm. (5 grains). 
Ampuls (solution in propylene glycol) of 1 cc.—0.13 Gm. (2 grains) — 
and 2 cc.—0.32 Gm. (5 grains). 
Vials (solution in propylene glycol) of 10 cc., 0.16 Gm. 
(214 grains) per cc. 


THE PIONEER BRAND OF PHENOBARBITAL 


BACKED BY MORE THAN 30 YEARS OF EXPERIENCE 


® 
win 
WINTHROP 


New Yorw 18, N.Y. Winosor, Ont. 
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MeS*A CARBON 
MONOXIDE TESTER 


Indicates CO in range of 0.001 to 0.10 


percent by volume. Lowest detectable 
concentration is 10 ppm. 


M*S*A AROMATIC 
HYDROCARBON DETECTOR 


Indicates benzene, 0 to 100 ppm; 
toluene and xylene, 0 to 400 ppm. 
Lowest detectable concentration for 
benzene is 2 ppm; toluene 5 ppm; 
xylene 10 ppm. 


M*S*A HYDROGEN 


Detects H2S in ranges of 0 to .04 
percent by volume, and 0 to 50 ppm. 
The lowest detectable concentration 
is 2 ppm. 


M*S*A SULPHUR DIOXIDE 
GAS DETECTOR 


Measures SO2 concentrations from 0 
to 50 ppm. Lowest detectable concen- 
tration is 1 ppm. 


M*S*A HYDROCYANIC 
ACID GAS DETECTOR 


Indicates HCN from 0 to 50 ppm. 
The lowest detectabie concentration 
is 1 ppm. 


Mi ‘S°A ...a complete line of portable instruments 
for on-the-spot detection of TOXIC HAZARDS 


Scouting out suspected areas for toxic breath- _ pirator bulb draws in air samples. Discoloration 
ing hazards is essential to worker health and _ of detector tubes indicates the concentrations 
efficiency. To help you do the job with speed _— of the various hazards. Reading is taken di- 
and accuracy, M.S.A. designed this complete __ rectly from graduated scales. Write today for 
line of portable instruments. Squeezing as- complete details. 


MINE SAFETY APPLIANCES CO. 


201 North Braddock Avenue 
SAFETY EQUIPMENT HEADQUARTERS Pittsburgh 8, Pa. 


~— At Your Service: 83 Branch Offices in 
the United States and Canada 
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